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Calite tube 13'6" pon. Sf dia., 1" wall. 
12 cored holes in the wall. 


Oliver Bldg. 


_ for use in 


High Temperatures 





After years of research the 
engineers of the General Elec- 
tric Company have developed 
and patented this high tem- 
perature alloy CALITE. 


Here are some of its 
features: 14% lighter than the 
nickel-chromium alloys on the 
market today. 


Safe working temperature 
2200° F. 


First cost moderate. 


Resists heat to a greater 
extent than any other heat 
resisting alloy casting obtain- 
able at the present time. 

Low weight per unit of 
volume makes it a very at- 
tractive proposition from an 


investment standpoint. 


Just the alloy you have 
been looking for. 


Write today for 
further details 


Calorizing Co. of Pittsburgh 


Pittsburgh, Penna. 
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PITTSBURGH SECTIONAL MEETING ARRANGEMENTS 


T HE WILLIAM PENN Hotel will be the headquarters for the Pittsburgh 

Sectional meeting to be held May 25 to 27. Arrangements have been 
made by the committees in charge, whereby a limited number of rooms will 
be available at the hotel. Due to the fact that there is another large con- 
vention being held in Pittsburgh at this same time it is highly important that 
all those who are planning on attending this meeting, make their reservations 
without delay. It is suggested that requests for reservations be sent either 
to the hotel or to W. A. Buechner, 501 Manufacturers building, Pittsburgh, 
or D. H. Horne, Standard Alloys Co., Pittsburgh. 

The members of the Pittsburgh Chapter are bending every effort to 
make this meeting an unqualified success. All of the arrangements have been 
made for carrying through this meeting. The program of papers, plant visi- 
tation and entertainment clearly indicate that the Pittsburgh meeting will not 
be second to the New York Sectional meeting held in M: arch, 

Four of the papers to be presented are published in this issue of the 
TRANSACTIONS. Discussion of these papers is invited and it is hoped that 
good lively comment will follow each of the papers presented. If for any 
reason a member is unable to attend the meeting, a written discussion of 
any or all of the papers would be appreciated by the committee in charge, 
and can be addressed to W. J. Merten, 416 Lang avenue, Pittsburgh. 

The program for the meeting is as follows: 


Thursday, May 25 
ll a. m. to 1 p. m.—Auditorium, Bureau of Mines. 


Informal gathering and registration of out-of-town members and guests. In 
charge of W. H. Eisenman, National Secretary, assisted by Messrs. Horne, 
Phillips, and Cook. 


1:30 p. m. to 4:30 p. m—Auditorium, Bureau of Mines. 


Address of welcome, by Chairman of Pittsburgh Chapter. 
Response by National President, F. P. Gilligan. 


Technical Session presided over by Past Chairman of Pittsburgh Chapter 
Papers by: 


Professor McIntosh, Carnegie Institute of Technology, “Fiber in Steel. 
and Iron”, 


W. B. Crowe, metallurgist, Carnegie Steel Company, “Mass Influence on 
Heat Treating”. 
John M. Lessells, Westinghouse Electric & Mfg. Co., East Pittsburgh, 
“Impact Tests” 


7:00 p. m.—University Club—Banquet. 


Addresses and music relayed over KDKA, Westinghouse Radiophone station. _ 
Toastmaster—G. H. Neilson, president, Braeburn Steel Co. and past president, 
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Western Pennsylvania Engineers Society. 


Speakers—Doctor Bowman, chancellor, University of Pittsburgh; Dr. J]. \ fs 
Mathews, president, Crucible Stéel Co. of America; Prof. F. Crabtree, « ii 
} man, American Institute of Mining and Metallurgical Engineers, Pittsburgh 4 
; vision; and vice chairman, Western Pennsylvania Engineers Society. “His: ¥ 
of Metallography and Heat Treatment of Iron and Steel”. ‘ta 
Followed by impromptu speeches by guests representing prominent loca! ; 


dustries. 4 
Music by Greater Pittsburgh Quartet. 


Friday, May 26 ie 
9:00 a. m. to 12:00 m. a 


ee ee 


Assembly at Schenley Hotel to visit steel mills and manufacturing plants re 
1:30 p. m. to 4:30 p. m.-—Aud?torium, Bureau of Mines, 
Technical Session—Presided over by Chairman of visiting section 4 
Papers by: i 

A. M. Cox, Pres. and Treasurer, Pittsburgh Commercial Heat Treat i 


Co., Pittsburgh. ; 
J. A. Succop, Heppenstall Forge & Knife Co., “The Importance of Properly Fy 
tleated and Cooling Steel’. 
Mr. Smith, Union Spring & Manufacturing Co., New Kensington, 
“Manufacture of Springs”. 
Mr. Marcus A. Grossman, Electric Alloy Steel Co., Youngstown, () 
“Shrinkage of High Speed Steels”. 
7:30 p. m. to 11:00 p, m.—Auditorium and Cafeteria, Bureau of Mines. 
Open-Hearth Furnace Film—American Rolling Mill Company. 
Smoker, in charge of Entertainment Committee. 


Saturday, May 27 
10.00 a. m.—Auditorium, Bureau of Mines, 
Directors meeting. 
8:00 p. m, 


Carnegie Institute of Technology, School of Dramatic Arts. Little Thea 
play by School of Dramatic Arts. 


HOTEL RATES FOR PITTSBURGH MEETING 


KLOW are given the hotel room rates for the William Penn Hotel, whic! 
has been selected as the headquarters during the Pittsburgh Sectional 
meeting, May 25 to 27. The rates are as follows: 


















Cert GEG, GHD WHNIEE IID onc cc cc cccewerecececcecuneeeves $5.00 per day 
CUS i re: We oe on nc hic hdivcck oc cdenes cenek $5.00—$5.50 per day 
Cotrt FR ee Wee DUET IRE ccc ce cece eee cweresedecees $6.50 per day 
eee cane esi cckoekbeh bead $7.00 per day 
Court rooms, double with twin beds, bath ...............cccceeeeeees $7.50 per da) 
OComtedGe POORES, BENNTO WEtTl CHD TT ccc ccc ccc ccc ccc ccccccen $6.00—$7.00 per day 
Outside rooms, double with tub bath .............cccccecceees $8.00—$9.00 per day 
Outside Rooms, double with twin beds, bath ........ $9.00—$10.00—$11.00 per da) 








NEW YORK SECTIONAL MEETING IS GREAT SUCCESS 


© DOUBT can exist as to the complete success of the New York Sec 

tional Meeting which was held at the Hotel McAlpine, Friday, March = 
3. This was the Society's first effort to hold a sectional meeting and upon 
its success or failure depended more or less the policy of the Society 1" 
future meetings of the same kind. The registration totaled approx! 
mately 200 with 14 eastern and New England chapters being repre 
sented. The purpose of the Society is to hold such meetings in differen' 
portions of the country which would serve to bring the membership 
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hat locality into closer touch with one 
hat had not attended the 
Py that accrue from 


another and to afford 
annual Conventions some 
a general meeting of the Society, 

The opening session was held on Friday 
velcome by George a 


) those, 
of the advantages 


afternoon by an address of 


Norris, chairman of the New York Chapter. Fol 


wing this the chairmanship of the 


meeting was turned over to Irving 
a il. Cowdrey, chairman of the Boston Chapter, who Introduced the five 
a peakers. The technica] Papers presented and their authors were as fol 
"9 ws: “New Development on the Influence of Mass in Heat Treatment.” 
P by E. 7. Janitzky, metallurgical engineer, [linois Steel Co., South Chi 
m cago, Il: “Cahite A New Heat Resisting \lloy,” by G. R. Brophy, 
3 metallurgist, research laboratory, Genera] lectrie Co,, Schenectady, 
m N.Y: “Stainless Steel in Cutlery Use,” hy R. G. Hall, research engineer, 
2 KX. Wallace & Sons Mig. Co., Wallingford, Conn. : “Cold lleaded Bolts 
‘ lheir Metallography and Tleat Treatment,” by V. FE. Hillman, metal 
< lurgist, Crompton & Knowles Loom Works, Worcester, Mass.; and “The 
\lagnetic Testing of Smal] Case Hardened Chain,” by A. V. De l“orest, 
metallurgist, American Chain Co,. Bridgeport, Conn. The papers of Mr. 
lanitzky, Mr, Brophy, Mr. Hillman and Mr. De Forest appeared in the 
hebruary issue of TRANSa¢ MONS while the paper of Mr. Hall together with 
the discussions for all the Papers were published jn April. Mr. De Forest 
save an actual demonstration of the magnetic chain testing process show 
Ing the results which could be obtained regarding the proper care re 
quired for automobile skid chains. 

In the evening about 100 attended the informa] dinner at the Yates 
| | tel, where the menu consisted of water quenched celery, oil tempered 
Olives, case hardened tenderloin beef, sorbitic peas, over-heated potatoes, 
ete. The second technica] session was held Mriday evening at the Hotel 
MeAlpine with A. W. IM. Green, chairman of the Philadelphia Chapter 

p as the chairman, For a few minutes the meeting 


was turned over to the 
National President rr, P. 


Gilligan, who presented 
of honorary membership to Dr. John A. Mathews. 
Ctble Steel Co. of America. Doctor Mathews was 
bv the Board of Directors meeting at the In 
recipient is widely known for his work 
alloy steels as well as his pioneer work i 
ture of electric steel. Doctor Mathews 
brief speech of appreciation, 

he first technic: 


an engraved certificate 
president of the Cru 
elected ‘to this honor 
lianapolis Convention. The 
n developing and heat treating 
1 connection with the manufac 
accepted the certificate with a 


ul paper, “Perfecting a Drop Forging” was presented 
by |. H, G, Williams, assistant works manager, Billings & Spencer, Hart- 
lord, Conn. This paper appeared in ful] in the February 

'RANSACTIONS but the discussion was in the April issue. 
ton of Mr. Williams’ paper, the meeting was 
Secretary W, H. Kisenman, who 
lo the amalgamation of the 
Organization an 
i. White had p 


Society, 


issue of 
At the conclu 
turned over to National 
reviewed extensively the events leading 
two heat into the present 
| stressed particularly the leading part which Lt. Col. A, 
layed, later becoming the first National President of the 
Then calling Colonel White to the Mr. Kisenman, on 
behalf of the entire society presented him a mahogany chest of 


treating’ societies 


front, 
with 

terling Silverware. 
In part Mr. 


Kisenman’s words were as follows: 
Ms chest of sterlir 


“Colonel! White, 
'S IS presented to you for 


a particular reason. Sterling 
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because it represents the character of the recipient, sterling because 
represents the foundation work which he has so well laid and which 
shown in the progress and success our Society has made. Colonel 
present you this key, and may it unlock this chest and give to you 
much satisfaction as it gives to us pleasure in the presentation of 
and may you consider it as a mark of our undying esteem and high rega: 
for you and your work.” Colonel White was taken entirely by surpris 
With a few brief remarks he assured the Society of his heartfelt 
preciation. 

The final paper on the program was “The Manufacture of Steel’, }) 
B. H. De Long, metallurgist, Carpenter Steel Co., Reading, Pa. This Sst. 
paper was highly illustrated and showed the equipment for making hig 
grade tool steels by the open-hearth, electric and crucible processes. 





BOARD OF DIRECTORS NAMES EDITOR FOR TRANSACTIONS 


T IS with pleasure that the Boa: 
of Directors is able to announce thi | 
appointment of Ray T. Bayless as ful! E a 
time editor of the TRANSACTIONS. T| a 

Board has been considering this mat 


ter for some time and it now feels 
that the Societv requires and can sup 
port the services of an editor devot 
ing his entire time to the publication. [1 
is the aim and purpo:e of the nationa! 
officers to have the TRANSACTIONS 





stand out prominently as an_ educa- é a 
tional publication and with this i - 
view, a definite constructive progran mB 4 
will be developed that will serve th ty 
needs respectively of the practical steel 

treater and _ forger, the _ technicall) c, 
trained man and the executive who a 
exercises general oversight and direc 

tion of both practical and_ technicai * 
groups. It is expected that the edito1 we 





eventually will be brought in c'ose 
contact with the officers and outstand 
ing members of the various chapters 
of the Society and that he will be able to correlate some of the educational 
activities of the various chapters so that ultimately the TRANSACTIONS will 
offer a more intensive and continuous program along educational lines tha: 
has heretofore been possible. 

In extending this work, subjects of interest to the technical member will 
not be overlooked, but on the other hand it is hoped that it will be possible to 
establish closer relations with other metallurgical societies in this countr) 
and abroad, and to keep our members in intimate touch with development: 
of interest in the steel treating world at large. 

Mr. Bayless graduated from the University of Michigan with the 
gree of Bachelor of Chemical Engineering. During his university work he 
specialized in metallurgy and metallcgraphy and acted as student assistam' 
during his junior and senior years 
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Ray T. Bayless 
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Mr. Bayless was born and raised in Detroit and has had extensive ex- 
rience in the metallurgical profession. Upon graduation he was assistant 
nalvtical chemist with the Michigan Smelting and Refining Co., Detroit, 
ter which he become assistant analytical chemist with the General 

rs Co. at its Detroit laboratory. 

For about two years Mr. Bayless was assistant chief chemist and metal- 
irgist with the Chalmers Motor Co., being promoted to chief chemist and 
metallurgist of the Saxon Motor Car Corp., remaining with that company 

til its plant was destroyed by fire. 

During the war, Mr. Bayless was supervisor of tests for the United 
States Army Ordnance Department, Cleveland district, having supervision 

all tests of materials used in the production of ordnance in that dis- 
trict. One hundred direct assistants were under his supervision. 

\t the close of the war he become associated with the James H. Herron 
Co., engineers and was in charge of all metallurgical problems having under 

s supervision the metallographical, physical and heat treatment laboratories. 

Mr. Bavless brings to the TRANSACTIONS an extensive knowledge of 
metallurgy from both the practical and theoretical standpoint and_ will 
give his best efforts in making the publication of greater service to the 
membership. 


TREASURER SUBMITS FINANCIAL STATEMENT 


- Ile accompanying report of the auditors shows the history of the fin- 

ancial transactions of The American Society for Steel Treating for the 
first full year of its operation. Attention is called to the fact, that the total 
support given the local chapters is not shown by the income and expense 
statment. This is because during the greater part of the year dues were 
collected by the chapters who deducted their 35 per cent before remitting 
to the National Office. The total financial support given the Chapters for 
the year was $9,700.00 

It will be noted that the income and expense shown for the Philadelphia 
Convention represent deferred collections and expenses which were carried 
over from the year 1920. 

The most favorable time for closing the books of the Society having 
been found to be Jan. 1, the Finance Committee has designated the calendar 
year as the fiscal vear of the Society, so far as its financial transactions are 
oncerned. The report appears in full on the following page. 

Signed 
J. V. EMMONS, 


Treasurer 
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AMERICAN SOCIETY FOR STEEL TREATING INCOME AND EXPEN;: \ a 
STATEMENT, YEAR 1921 
INCOME j 
% 
i ee eo eee ee $20,147.16 
Membership dues (exclusive of 35 per cent por- 1) 
gL... ere rere re $21,732.66 q 
Less refund to local chapters.................... 2,489.91 19,242.75 
Indianapolis convention (1921).................... 14,549.65 ; 
ee. SOD OU. GEIIIOUINTTS, 5 a a 5.0 co cs cacccuscavses 645.40 13,904.25 p(t eTT 
Philadelphia convention (1920)................000 1,953.72 5 mn 
IE WES fs sk Eis se cabs ob bw Gaee ome 701.07 i 
ye ee ee 622.61 é 
I IS ee 387.52 $56.95! , 
EXPENSES he 
I i ei a Ee ae ae 17,366.70 gp cata 
Me Se Cert oN «cus a cag bau sine ts od% ve 9,807.62 » met 
Ne aig Sali bate eral neluis 1,941.48 ; dise¢ 
EOI TE OL Te ee PES 895.00 3 
ee ee eee en 6 5 nbd pened 661.57 ‘ 
ON oa ee. cee ee ae 329.42 i one 
Indianapolis convention (1921).................... 13,697.81 s inc 
Philadelphia convention (1920).................05. 1,201.32 
ED it-aty G clk. Gla al ain bala ee 0,0 d-<.05 60% awo 1,614.71 , 
Re a a er ee 849.85 : 
I CE i tl Ce es ie hinh dels 488.36 48,853.84 
Excess of income over expenses .............. 8,105.24 


BALANCE SHEET 
Dec. 31, 1921 


ASSETS 
Ste 4) See ee ote ee, a ¢ oN waa eh bi ae ¢ $1,635.14 
Cash and securities held as reserve for dues paid in advance............. 9500.01 
i i a eo Ae an Lwtnkice eek eies « 4 202.42 
i kl era ei ee 1,183.34 





$16,520 


LIABILITIES 














i oa ee ei weg nieuemawes $640.1 
Reserve for dues paid in advance................. 9,500.00 
Reserve for past due and doubtful accounts........ 800.00 
ST OE, la, en oak bm es peke vein tide ahs $7,958.83 
SROONS- GE TOONS TO Pai coe ass ss ccc ccupe 8,105.24 
$16,064.07 

Less 

Depreciation furniture and fixtures.............. $983.33 

I a dnt towed « shielbieds 2eBihs 9,500.00 10,483.33 
ee RS, OED , sb hve SSG NS os use dees. 5,580.74 













CERTIFICATE 





cou 

We have made an audit of the books of account and record of the Amet les 

Society for Steel Treating and, in our opinion, the above Balance Sheet and Inc: the 
and Expense Statement correctly present its financial status at Dec. 31, 1921, an 
history of its financial transactions for the period under review, basing the inc 

from dues upon cash receipts and other income upon accruals. Proj 


Respectfully submitted, 
NAU, RUSK & SWEARINGEN, 


Certified Public Accountants 
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. DISCUSSION OF IMPACT TESTING METHODS AND THE RE- 
SULTS OBTAINED 


By John M. Lessells 


1)! I to the advent of the automobile and aircraft engines, and the high 
working stresses used in service, the heat treatment of steels has be- 
e an applied science. The quality of the heat treated product must be de- 
ermined by recognized and accepted physical tests, and these must be in 


Se Se ila. 5 TB 


aes 


sme measure welcome to the heat treater and the steel manufacturer. If it 
i be established that some new test shows up characteristics in a_ heat 
i ated steel which the accepted and more or less conventional tests do not 
§ -how, then this test should be favorably regarded by all who desire to get 
he best from their materials. Since the impact test seems to be in this 


catagory, it is proposed to present a few more or less familiar facts on this 
method or testing, together with certain conclusions, for consideration and 
discussion, 

It has been said that the impact test is a new one, but this is literally not 
orrect, since it has been used for a considerable time as an acceptance test 
in certain European specifications ; but since it is not generally adopted in this 
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Arrangement of Fremont impact testing machine with sketch of test specimen shown below 













country, it can be so considered. A committee of the American Society for 

lesting Materials is at present working on some form of test suitable for 

the United States requirements. 
(here are numerous forms of impact testing machines, but it is only 

proposed to review a few of them: namely 1. Fremont, 2. Charpy, 3. Izod, 

_A paper to be presented at the Pittsburgh Sectional meeting, May 25-27. The 

ithor, John M. Lessells, is connected with the Westinghouse Electric & Mfg. 

East Pittsburgh, Pa. 
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and 4. Stanton. Each of these machines, named after the inventor, usc a 

notched test specimen. Therefore, these tests might be more aptly c: 

“notched bar tests.” The Stanton test is really a repeated impact 

although it has been given a place in this discussion. 

The Fremont test requires a test specimen which is 30 millimeters | | 

having a cross section of 8 by 10 nullimeters. It 1s notched on the In 3 

side 1 millimeter deep and 1 millimeter wide. The test piece is laid ’ 

supports 21 millimeters apart with the notch on the underside q 

struck a blow with a falling tup midway between the supports. The 

ference between the energy before and after the fracture gives the amo 

of energy necessary for fracturing the test specimen. In Fig. 1 1s show 

sketch of the arrangement of this machine and a sketch of the test pi 

employed. The weight of the tup, which falls from a height of 4 meters 

is 10 or 15 kilograms. It will be noted that a machine of this kind 

quires considerable height above the floor level, but possesses the 

vantage of having a high speed of impact. 

The Charpy test requires a test specimen which is 55 millimeters long : 

having a cross section of 10 by 10 millimeters. It is notched in the cente1 
1) 
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Fig Arrangement of Charpy impact testing machine with sketch of test specimen shown / 
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Arrangement of Izod impact testing machine with sketch of test specimen shown below 


by drilling a 1.3-millimeter hole so that the 
meters from the edge. 
nto the hole. 


bottom of the hole is 5 muilli- 
The notch is completed by running a 1-millimeter slot 


This test piece is supported horizontally between 40-millimeter 
shenenne and is struck by a swinging pendulum at the middle of its length 
On the side opposite the notch. The energy 


ture is determined from the residual energy after fracture. In Fig. 2 1s 
hown a diagrammatic arrangement of the machine, and the test specimen 
employed. The weight of the tup is 32.5 kilograms. It will be noted 
th the machining of a notch of this nature requires at least two opera- 
ns to complete it and is probably difficult to reproduce accurately on hard 
materials. This difficulty of obtaining notch uniformity is, of course, more 


less inherent in all impact tests, but is probably 
this case. 


absorbed in making the frac- 


~ 


more pronounced in 


The Izod test requires a test specimen which 
a cross section of 10 by 10 millimeters. It has a transverse 45-degree angle, 
V-shaped notch 2 millimeters deep as shown in Fig. 3; the radius at 
the root of the notch being 0.25 millimeter. The piece is held vertically in 
vise with the lower edge of the notch at the same level as the vise edge 


is 75 millimeters long with 
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Fig. 4—Arrangement of Stanton repeated impact machine with sketch of test specimen shown 


and is broken by a swinging tup striking the test piece on the notched sic 
but above it. As before, the residual energy deducted from the striki 
energy gives that energy which was required for fracturing the test piece. T! 
energy 1s usually indicated on a scale by a pointer which is actuated by th 
swinging pendulum. The orreaiaeeal of the machine and a sketch of tly 
test piece employed is shown in Fig. 3. 

The Stanton test requires a test specimen about 6 inches long having 
a '%-inch diameter. It has a groove cut at the center, 0.05 inch deep and 
0.05 inch wide. This test piece is held horizontally in supports 41% inches 
apart and is rotated 180 degrees between successive blows which are struc 
over the groove by a falling tup. The weight of this hammer, or tup, is 4.7 
pounds and the height of the fall is adjustable. The number of blows 1 
quired to fracture the test specimen is recorded. Fig. 4 shows the diag 
ramatic arrangement of this machine, and a sketch of the test piece en 
ployed. 

It is proposed in the first place to discuss a few of the results ob 
tained from the Izod machine and to confine the remarks to four grades 


steel: namely, 1. Low carbon, 2. medium carbon, 3. nickel, and 4. nickel 


chrom:* 


In discussing test results, it is felt that curves are more convincing than 


tabulated figures. Therefore, the various impact characteristics, togethe 
with the other well known physical properties, for different grades of stec'! 
are shown in Figs. 5 to 13 inclusive. 

Fig. 5 represents a low carbon case-hardening steel plotted on a_ bas 
of quenching temperature. ‘The increase of impact value in the region 
760 degrees Cent. is quite characteristic of this class of material. 

Figs. 6 and 7 show the properties of an oil hardening and an air harden 


ing nickel chrome steel, respectively. These latter curves have been plotted 


on a base of Brinell hardness; the main features being the similar manne: 
which impact and reduction of area values and in a less manner, elongat! 
values, respond to heat treatment variation. This response seems to in 
cate that the impact value has some relation to the structure of the n 
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terial. This statement is further confirmed by the rapid increase of 
pact value as the quenching temperature is increased beyond a 


value, as shown in Fig. 5. 






cert 
















Migs. 8 to 13 represent a family of curves taken from the report of 
Steel Research Commission, London, 1920, but confirmed by certain wor! 
of the author. In these curves, which are plotted on a base of drawing te: 
perature, the manner in which the reduction of area varies with impact 
again very striking. A further point for consideration is obtained fr 
Migs. 9 and 10. ‘The respective analyses of these two steels are approximat 
alike, provided the small percentage of nickel and chromium can be neglected 
in steel, Fig. 10. If this is true, then the difference of 30 degrees Cent. ji 
drawing temperature has increased materially the impact values for alloy 5 
ing for observation errors; the other values remain practically constant. This. 











therefore, leads up to the conclusion that the impact test is a very sensitiv: 
one indeed and shows up by its results, when properly interpreted, sm 5 
variations in thermal treatment, é 
igs. 12 and 13 show up strikingly the effect of the addition | 
chromium to a nickel steel, for assuming that the upper limit of Brinel! j 
hardness from the point of view of machining is 320. a compari-on ; 
these steels is made in Table 1. A. steel of 0.45 per cent carbon is al ; 
added for comparison, % 
lt will be seen that although the Izod value in the nickel chrome ste : 
is slightly lower, nevertheless, the benefit derived from the addition ; 
chromium is apparent. Such a material would be suitable for high speed i 
connecting rods where lightness is required. Referring to Fig. 13, it will 


be noted that the impact value commences to decrease at a drawing tem 
perature of approximately 200 degrees Cent. and reaches a minimum. value 
of 5-foot pounds at a temperature of 350 degrees Cent. It will be observ: 
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Fig. 7—Physical characteristics of nickel chrome steel 
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Fig. 8—Physical properties of bars 11 inches in dameter hardened in 
water at 900 degrees Cent. and tempered as shown 
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Table I 
Effect of Adding Chromium To a Nickel Steel 


Nickel Steel Nickel Chrome Carbon Steel 


Steel 
(See Fig. 12) (See Fig.13) See Fig. 11) 
Briedl We 4 5 bos us She sb SA's Sas deat 320 320) 320 
Maximum stress, pounds per square inch... .153,000 170,000 145,000 
Yield point, pounds per square inch ........ 130,000 153,000 105,000 
OCIS UE ee, alan cise 0 00 16 18 13 
Redwuctedis Me Ort WOT GPM cic ccc ct ccc ewes. a4 56 37 
S20 SI SU I ikon civ cnet esces 26 22 15 


Table II 
Physical Properties of Nickel Chrome Steel 


Group A 
Maximum stress Yield point Reduction 
pounds per pounds per Elongation of area Izod Brinell 
square inch square inch per cent per cent foot pounds No. 
107,000 86,000 24 66 . 10 240 
Group B 


110,000 85,000 25 64 80 240 
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also that the other physical properties show a steady change over this 
temperature range. This drop in impact value is known as temper brittle- 
ness and is a characteristic, more or less, of nickel chrome steels when 
slowly cooled through this range of temperature. It can be eliminated by 
rapidly cooling through this range by quenching from the drawing tem- 
perature. ‘Therefore, once more is it apparent that the impact test has an 
ntrinsic value, and in this case shows up undesirable characteristics which 
ire not revealed by the tensile test. The following numerical values are 
siven on this important phase of this subject. <A steel of the analysis 
carbon 0.26, nickel 3.5, chromium 0.84, sulphur 0.02 and phosphorus 0026 per 
cent in bar form 2 inches in diameter was oil hardened at 859 degrees Cent. 
ind two lots A and B tempered at 650 degrees Cent.; the one lot 4 cooled 

the furnace; the other lot B cooled by quenching from the tempering tem- 
perature. Twelve test pieces in A and in B give the average results shown 
n Table Il. 

While it is stated that a notch brittle, nickel chrome steel shows a crys- 
alline impact fracture and is an undesirable material, the converse, of course, 





Table III 
Chemical Composition of One Series of Steels Tested 
Steel Carbon Manganese Phosphorus Sulphur Nickel Chromium 
No, per cent per cent per cent per cent per cent per cent 
hive dene 0.38 0.45 0.011 0.036 
2..«eeepeee 0.15 0.42 0.013 0.035 i ne 
errr 0.30 0.58 0.012 0.019 1.52 0.46 





does not necessarily hold, that is, a crystalline fracture may not by itself 
monstrate an undesirable material. The nature of these fractures must be 
judged in the light of their relation to the composition and the mechanical 
properties of the material. A crystalline fracture in medium carbon material 
as rolled may not be bad because this is normal for that material, but such 
fracture for nickel chrome is abnormal and, consequently, is to be avoided. 

There is still another feature of the impact test which must be con- 
idered, that is, the value of this test as indicative of the structure from 
examination of the fractured specimens. The tensile test is valuable in 
view of its being the repositore of a great deal of knowledge gained from 
its extended use. In a similar manner, an actual examination of fractured 
impacts will also contribute to making these tests valuable when these have 
heen adopted more widely than at present. For example, and one which is 
by no means an isolated one, a material in the notch brittle condition always 
shows a crystalline impact fracture, while the corresponding tensile fracture 
is fibrous. It can be concluded, therefore, that such a material is unsuitable 
ior structural purposes. This section deals with a series of tests which 
were carried out at East Pittsburgh to demonstrate these truths. 

Three pieces of material 5 inches in diameter and 15 inches long of the 
analysis given in Table III were given the treatments as specified in Table 
[V, a series of test pieces being machined therefrom after each heat treat- 
ment operation. The test results which were obtained are shown in Table V, 
the numbers in the first column indicating the steel number and series, res- 
pectively, as shown in Table IV. 

The bend test pieces were ground all over to 54-inch in diameter and 
bent over supports 4 inches apart to a radius of 0.5 inch. With the ex- 
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Table IV 
Heat Treatments Given Steels Tested 
Steel No. 1, Series No. 1 


[he material was drawn from stock as rolled and one quadrant cut out. Three 
nsiles, 3 impacts and 3 bend test pieces were machined for test. 
Steel No. 1, Series No. 2 
[he material was normalized by putting it in the furnace at 450 degrees Cent 
ringing it up to 875 degrees Cent. and holding it at that temperature for 24% hours 
ind then cooling it in the air. The test pieces were then machined from a second 
juadrant. . 
Steel No. 2, Series No. 1 
The material was drawn from stock as rolled and one quadrant cut out. Ths 
est pieces were machined as before. 
Steel No. 2, Series No. 2 


[he material was normalized as previously described and test pieces were 


machined as before from a second quadrant. 


Steel No. 3, Series No. 1 


The material was forged down from billets to 5 inches in diameter and test 


nieces were machined from one quadrant. 


Steel No. 3, Series No. 2 
[he material was normalized in a similar manner and test pieces were machined 
irom a second quadrant. 
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Fig. 13—Physical properties of 1%-inch diameter hardened in water 


at 820 degrees Cent. and tempered as shown 
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ception of the material No. 1 in the rolled condition, the bend tests wen 
to 180 degrees without a sign of fracture. The impact tests, however, showed 
a somewhat different selection, indicating that this test is very sensitive. The 
macrographs of these tests are shown in Figs. 14 to 19 inclusive, these bring 
out the crystalline and fibrous natures of a given material and illustrate the 
assertion that examination of such, is a fund of knowledge. 

Contrasted with these, macrographs of a medium carbon steel in an oj! 
treated and tempered condition and also a steel casting unannealed are shown 
in Figs. 22, 21 and 20. The chemical composition of these steels was as 
follows: 


Oil quenched Tempered 


Carbon Manganese Phos. Sulphur’ Silicon at degrees at degrees 
percent percent percent percent percent Fahr. Fah 
Annealed at 
= eae 0.13 0.74 0.059 0.119 0.13 As cast 
a, * Meo cise snh 0.44 0.73 0.06 0.03 0.23 1500 aac. 
i ere 0.44 0.73 0.06 0.03 0.23 1500 1150 


Caution always must be exercised in drawing conclusions from experi- 
mental data. Even with our present knowledge of material testing it is a 
difficult problem indeed to base a foundation on the results of certain 
tests. Due to this difficulty there is always the danger of building up a 
totally erroneous structure. Owing to the importance of this statement 
from a metallurgical standpoint, the author offers no apology for returning 





Table V 
Test Results Obtained With The Steels 
Steel Izod 
No. Elonga- Reduc macro- 
and Elastic Yield Max. tion tion Izod graph 
series limit point stress per ofarea Brinell foot Fig. 
No. —pounds per square inch cent per cent No. pounds No. Bend test Remarks 
23,375 28,000 72,400 28.7 38.8 134 7 14 Broke 
1/1 22,000 35,500 71,500 28.7 37.9 136 8 es Broke 
22,000 35,400 72,825 28.7 35.7 131 7 Broke 
Bent to 
34,500 36,350 76,750 29.15 45.4 143 10 15 180 degrees 
Bent to 
1/2 34,250 37,225 77,625 28.1 43.7 143 12 a 180 degrees 
Bent to 
34,750 36,770 77,575 28.7 46 149 12 ii 180 degrees 
Bent to Impact 
25,250 28,670 50,500 42 66.3 101 63 16 180 degrees bent 
Bent to over 
2/1 25,750 27 ,400 50,600 42.5 67 104 61 “ 180 degrees but not 
Bent to broken 
25,750 27,525 50,525 42 66.6 90 61 s 180 degrees oft 
Bent to Impact 
27 ,500 28,625 47,670 44.3 73.3 90 40 17 180 degrees bent 
Bent to over 
2/2 21,750 26,500 47,850 42.85 72.5 96 62 eis 180 degrees but not 
Bent to broken 
22,750 27,500 47,900 44.9 73.1 101 69 = 180 degrees oft 
Bent to 
49,250 52,200 93,125 32.2 57.6 181 39 18 180 degrees 
Bent to 
3/1 45,000 57,000 93,700 25.2 57.6 179 41 180 degrees 
Bent to 
43,750 53,250 92,900 24.15 57.3 179 37 bs 180 degrees 
Bent to 
49,500 60,850 99,750 24.1 54.7 192 33 19 180 degrees 
Bent to 
3/2 50,500 59,375 99,225 23.6 54.7 192 35 Pa 180 degrees 
Bent to 


48,750 60,300 98,550 23.0. 56 192 32 ‘; 180 degrees 
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off m | 14-19—-Macrographs of Izod impact fractures showing the crystalline and fibrous structures 
Impact 4 of the material X4. Fig. 20—Macrograph of medium carbon steel in an oil quenched 

bent 4 and tempered condition. X4. Fig. 21—-Macrograph of medium carbon steel 

over : in an annealed condition. X4. Fig. 22—Macrograph of an 


but not unannealed steel casting 
broken 
off 





igain to this subject. For instance the Brinell test has often been put 
forward as a test in itself, while, as is known, it was never intended for such 
a use. It has a value only as it is related to some fundamental test such 
as the tensile test. It seems that this cannot be emphasized too strongly. 
[here is some definite relation between the tensile strength and the Brinel! 
hardness for a given material. Furthermore, attempts have been made in the 
past to correlate impact values and fatigue limits yet this seems erroneous 
ince the conditions of fracture have nothing in common, The fatigue 








TRANSACTIONS OF 


672 AMERICAN SOCIETY FOR STEEL TREATING M 


fracture is determined by a series of slips in the material itself while ¢ 
impact fracture is propagated by a notch definitely located in the specinx 

The fact, therefore, remains that a material which gives a low impact figu 

may not necessarily show a low fatigue limit, but it is still revelant to sta 
that the former. material is in a notch brittle condition. 

Therefore, although it is difficult and dangerous to make definite stat 
ments in favor of any particular test the following conclusions seem to 
warranted : 

1. The impact test of the type here described is one of the most sen 
tive mechanical tests so far introduced to determine the design of hy 
treatment given to a material. 

2. This impact test shows up characteristics in certain materials whi 
the tensile tests do not indicate. 

3. The impact test corresponds along with other physical properti: 
such as reduction of area to the variation in heat treatment and is therefo 
valuable“f6k confifmatory purposes. 

4. The impact test offers valuable evidence, by observation of the fra 
ture, relative’ to the thermal treatment which the material has received. 

Any test which brings out something new or confirms some valu 
already known is valuable. Provided that this impact figure is not pu 
chased at too high a price with respect to the ultimate strength or elastic li: 
it these tests have a very great value indeed. 

With regard to the repeated impact such as the Stanton the case 


somewhat different. This test is in the nature of a fatigue test and mai 


be closely related to the fatigue limits as determined by standard m 
chines. This is a contention, however. which has yet to be proved. 
The various points raised herein seem to be of sufficient importance 


those interested in the heat treatment of steels to present them at this time 
If enough interest is aroused to provide a satisfacory discussion of his subject 
the author will feel that his efforts have been well directed. Acknowledge 
ment is extended to the Westinghouse Electric & Mfg. Co., for permissio 
to publish these results and to W. J. Merten and C. H. Marshall for a: 


sistance in carrying out the tests described. 
vat 7 
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'MPORTANCE OF THE PROPER HEATING AND COOLING 
OF STEEL 


By John A. Succop 


( NE of the most important sciences in the mechanical field today, and 
one which necessitates the most careful and skilled application of its 
neiples, if correct results are to be obtained, is the heat treatment of 
| There are certain fundamental facts and considerations which are 
thy of attention. Of these facts, one of the most important is uniform 
ilts, which minimizes the possibility of low standard work. Uniform 
esults are obtained through proper heating and cooling, and proper loading 
the furnace charge. Less trouble 1s experienced with small masses, for 
do not present the same difficulties that are encountered with large 
ace loads. It is well known that the molecular changes which occur in. 
are not fixed and unchangeable, but depend on both the temperature 
vhich they take place and on the duration of time of changing, upon the 
- of cooling and the initial temperature to which the steel has been heated. 
lt is generally assumed that the proper heat treatment of steel requires 
hing more than a uniformly heated product; that a uniform product re- 
quires nothing more than a uniformly heated furnace; and that a uniform 
rometer record assures a umformly heated furnace; consequently, a uni- 
formly heated product within that furnace. When the pyrometer rod is used 
a heat treating furnace, it should be so placed ‘that by looking in the 
furnace door, a direct comparison can be made by the eye as to the tem- 
perature of the charge with the temperature at the end of the rod. The 
pyrometer rod should never be hidden from the eyes of the operator unless 
the couple be buried in the center of the material and protected from 
the flames. 
‘rom the study of the metallurgical results of the finished products, 
eat treated in an indicated, uniformly heated furnace, we find that a 
iriation frequently is found. There is a greater problem to heat treating 
than the maintenance of a uniform temperature in the heating furnace. These 
riations are not confined only to furnaces of different types; for the varia- 
nis found in the same furnace, the pyrometer readings being the same 
ach case. Such variations are brought about by the position of the 
| in the furnace and by a difference in the heating of the load. 


The best test of the uniformity of a heat treated piece of steel is the 
ner in which the load cools; for it is the uniformity of the steel as it 
sses through the critical range and takes its final and permanent set, that 
es to steel the results of the heat treatment. To theat uniformly, it is nec- 
essary that each piece be subjected to the heat in the same manner, 


ie same temperature, and for the same length of time in proportion to 
the size of the section. 


; lf a large amount of material is placed on one end of the furnace 
: irge, it 1s likely that the outside pieces will be heated to and cooled from a 
; gher temperature than the pieces at the center of the mass. Likewise with 
; ling, 1f a large mass is plunged into a quenching tank, there is a tend- 


_—_ 


paper to be presented at the Pittsburgh Sectional Meeting, May 25-27. The 
John A. Succop, is connected with the Heppenstall Forge & !'nife Co.. 
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ency for the temperature of the bath to become irregularly heated, and 
for the outside of the mass to cool at a different temperature and in a 
ferent temperature and in a different period of time than the center. 

With Jarge masses, it is unreasonable to suppose that each portion of 
section receives the same amount of heat that the other portions recejiy 
and that it is subjected to the same heat treatment. Unless all pieces 
heated and cooled exactly alike, the pyrometer indications of uniform 
perature serve merely as evidence, but cannot be accepted as proof o 
uniformly heated furnace, or a uniformly heat treated furnace charge 
a uniformly heat treated product, as a final result. There should be pe: 
appreciation and understanding of the difference between a pyrometer 
ord, which indicates a uniform temperature and of the conditions ww! 
bring about the uniformity desired in the furnace. 

The following is a quotation from Dr. Howe in his book, Iron. S; 
and Other Alloys, page 241: “You cannot make a bad beefsteak good }y\ 
cooking; you can cook it better or worse, and it will be 
worse or less bad beefsteak, but always bad. On the other hand. you « 
easily spoil a good beefsteak by bad cooking. Now, Just as cooking is 
food 
ably call cooking, heat treatment.” This simile of Dr. Howe's is right to 
point; for the application of heat to industrial material is but a cooking 
eration, like the cooking of food or the baking of bread; each must 
thoroughly done—that is, it must be heated uniformly to the center. ‘| 
cook or heat to the center with the temperature being equal from. the 


face to the center requires a slow fire and time in proportion to the amiount 
ot material to be heated. Overloading, as well as improper loading, wil! 


prevent the proper circulation of heat, and it is likely that a part of 


charge will rise to the desired temperature in a nonuniform condition, and 


‘er 


, SO 1S heat treatment to steel. Indeed, a pedantic cook might reason 





; 
( 


will cool with even less uniformity than it heated. The indicator on th 
outside of the oven does not tell the story of the food being well don 


This is accomplished by observation of the material. 


Even with all our modern present day practice and equipment we must 
take into consideration the importance of the human element. The hea 


treater, although the weakest link in the chain of perfection of the pro 


uct, is the one that puts the metallurgical finish on the material at a ore 


expense to others, and it is his skill and judgment that either perfects 


spoils the material. Have we not all heard of the manufacturer who thinks 
he is protected from all the evils of heat treatment because he has the bes! 
pyrometer system that money could buy, with automatic recorders in the 
office, so that at all times, he knows the condition of the furnace and what 


each heater is doing? Besides this, he has a man whose sole duty it is 


watch these instruments and the temperature recorded on the pyrometer, 
and to indicate to the operator by a red, green, or blue light just when his 
temperature is low, high or just right. He is sincere in his belief and lh 
thinks he knows what good heat trea‘ing is, but his standard is low, due to 
the reasoning that a uniformly heated product requires only a uniform) 
heated furnace, which reasoning leads to the development of the pyromete! 


to indicate the uniformity of the product. 


This is all right as far as it goes, but it does not go far enough, fo 
it may be an indication of the temperature of that particular part of tl 
furnace, but it surely is not proof that the product in the furnace is at that 


particular icmperature, as indicated. The proof for this statement is 
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trouble we encounter with variations i the finished product, although 
pyrometer chart gives no indications of a temperature variation. The 


form heating of a furnace and of the product within that furnace are 
entirely distinct operations, and while the former must accompany thi 
ter, yet the former does not prove the existence of the latter. The 
conclusion of this analagous reasoning is that it is neither logical nor 
clusive, and the actual results all hinge on the experience and knowl 
of the man at the furnace. 

There are a number of elements that directly affect heat treatin 
They are not indicated by the use of pyrometers or other heat determi: 
devices, whether mechanical or electrical, but are determined by the j 
ment and skill of the operator at the furnace, as the cook judges the qu 
of the food baked in the oven. 

When the pyrometer indicates the desired temperature, what detern 
when the charge in the furnace is completely saturated ? 

What determines proper loading conditions as regards to mass hea 
and gas circulation? 

What determines when the temperature of the bottom of the 
is equal to the temperature of the center, and when the top equals 
sides? 

What regulates the flow and combustions of the fuel into the furn 
causing an oxidizing, reducing, or neutral action? 

What regulates the uniformity of each piece, compared with each 
piece in the charge, that they might all be treated the same 

The four factors which govern the heating and cooling of all mat 
whether it be food or an ingot of steel. are temperature, time, surface 
mass. 

Temperature. This is the degree of heat required to produce thi 
sired molecular structure and grain size. 

Time. This is the period required to saturate the piece to the 
quired temperature, and to permit the metallurgical reactions to take plac 

Surface. This is the area of the section exposed to the heat, whic 
influences the rate of absorption, the time of soaking, and the uniform 
of the piece. 

Mass. This is the amount of material to be heat treated, which 
fluences the time of heating, and the time of saturation and uniformity, a 
well as the manner of supplying the heat ) 

Of these four, temperature and time are the important factors. Tempera 
ture is determined by the metallurgical effect that is desired, but time 1 
governed by the surface and mass, and also by the type and re 
the material being treated. That is, the time necessary to soak a piece 0! 
low carbon steel might vary from the time necessary to soak a piece of all 
steel. Soaking means the completion of the metallurgical reactions that tal 
place upon cooling and heating the steel. Ofiten our time for allowing 1! 
sections to become saturated is not enough, and our results are not uniform 
When loading, the largest surface should be exposed to the source of heat to 
insure the minimum time and maximum uniformity. The reverse woul( 
mean that it would be necessary to expose the outside surface of the nms: 
ito the heat for a greater length of time than the section at the bottom of 1! 
mass. Ideal cooling is just the same condition reversed. 

A striking example of this is found in a large die block, where the « 
ners heat and cool much more rapidly than the main body of the die. |) 
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s representing the cooling of a steel block in quenching oil, the rapidity of cooling being 
due to large volume of oil and its rapid circulation 
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ve of a steel block heated to 1050 degrees Fahr. and cooled on knife edges by a high pressure 
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water spray. Cooling is more rapid than in the water quench 
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possible effort should be made to prevent overheating the corners or 
posing them to the extreme final temperature any longer than is absol 
necessary. This might be accomplished by thoroughly saturating the 
at a temperature slightly below the final temperature. The corners of a 
because of the greater surface, heat first and cool off first, and cause an 
equal expansion and contraction in the steel. 

The effect of mass on the heating and cooling of steel might be cle 
shown by a study of the curves developed by Law. These curves were | 
duced under as ideal a condition as possible, and they represent the cha: 
that are found in a large mass of steel during the he ating and cooling. 
curves were developed by the following means: Ejighteen-inch cubes 
forged from a 25-inch ingot, only the soundest part of the ingot being u 
The thermocouples were inserted into the cubes to be treated——one in 
center; 4% inches from the center, that is midway between the center and 
the outside; and one %-inch from the center of the surface. 

Fig. 1 represents the heating of a block of steel 18 inches square, and 
shows the rapidity with which the heat penetrates to the center of the m 
The center and outside temperatures approach each other before going 
through the critical range, but at this point, the absorption of heat due to th 
Ac change causes a greater lag at the center than anywhere else, and the 
temperatures fall away from each other for a period of time. Howeve: 
after being in the furnace for about 4% hours longer, the cube attains 4 , 
uniform temperature throughout its mass, and practically coincides wit! 
the temperature of the furnace. 


at NITE is act vts 
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Fig. 2 represents the cooling of a block in the furnace. These curve 
require no explanation. ‘The cooling ‘takes place slowly, and as in the case 
of the heating curves, the evolution of the heat is most marked in the cenite: 
of the mass. 

Fig. 3 represents the cooling of a block in quenching oil. The rapidity 
with which the block cools in the oil bath is due to the large volume of 
and the rapid circulation. 


sith de 2 


The block shown in Fig. 4 was heated as before to 1650 degrees Fal 
and cooled on knife edges by a high pressure water spray. The block, as ; 
would be expected, cools off more rapidly ithan the oil quench. The curv: 
also shows an evolution of heat in the center. Attention is called to thi 
abrupt halt in the cooling at about 250 degrees Fahr. It is hardly likely that 
this halt is caused by the water getting into the thermocouple hole, because 
the temerature remains constant for so long a time, and at 50 degrees abov 
the tempcrature of boiling water. Experiments repeated on various sizes 0! 
blocks show that the phenomenon occurs .with remarkable regularity and 1s 
not affected by mass. 

The existence of a low critical point has been verified by a large numbe 
of scientists, and if proved correct, will throw a new light on the phenom: 
on of hardening in steel. 4 
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Law sums up the essential features of the curves as follows: “The 
extreme slowness of air cooling, as compared with either water or oil coo! 
ing, is too cbvious for comment. A comparison of the curves obtained by 01! 
and water cooling, however, is of greater interest. The important differen 
between the two methods of cooling is to be found in the almost sudde: 
slowing up of the cooling in oil shown in the lower ranges of a. 
as compared with the cooling in water. For example, the time required { 
the center of the cube to cool from 1650 to 1000 degrees Fahr., a temper 
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ure well below the critical range, is almost the same whether oil or water 
; used as the quenching medium. In cooling from 1000 to 600 degrees 
alir.. however, the cube cooling in oil requires twice the time, and in 

ling from 600 to 300 degrees Fahr., it requires nearly four times as 

r The differences are even greater on the outside of the cube. The oil 

oleil surface takes six times as long as the water cooled surface to coal 
m 600 to 300 degrees Ifahr. It may be observed with interest that both 
oil and water cooling, there is a period during which the metal in the cen- 
r of the cube is cooling down more rapidly than the metal midway between 
e center and the surface.” 

these factors hold good wrth a furnace loaded with both large and 
mall pieces where, in order to cut the cost, the load is heated according to 
he perfection of the small pieces. Although the initial costs are increased, 
the best results are obtained ‘by heating according to the largest section, which 
mdoubtedly will pay in the end for the additional time necessary, but 
an ideal condition would be to heat treat as nearly as possible, loads 
made up of parts of uniform size. 

The practice of heat treating without regard to the mass and surface 
and with an eye only on the record of the pyrometer, will always produce 
. nonuniformly heated product. The mass should be heat treated and not 
the pyrometer. The pyrometer does not indicate anything concerning the 
temperature of the mass, but only the temperature of the portion of the gases 
in the furnace or the material with which it comes in contact. 

Proper consideration must be given to the human element involved. 
Those in charge should be educated and should in turn educate those within 
their charge, for upon them lies the future of subsequent operations. 

‘rom the foregoing discussion, the following conclusions might be 
lrawn: 

1. That a uniformly heated product requires more than a uniformly 

ited furnace. 

2. That material cannot be heat treated satisfactorily when the record 
of the pyrometer is the only guide. 

3. That the human element plays an important part in the proper 
heating and cooling of steel. 

4. That great care must be exercised in the handling of steel to insure 
proper thermal expansion and contraction. This is secured only through 


proper loading, charging at a low temperature, and by slow firing. 
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THE ABRASIVE QUALITIES OF PLAIN CARBON AND ALLvioy 
STEELS 


By A. M. Cox 


ODERN equipment is designed for high speed and heavy duty. 

manufacturers have met this condition by using heat treated p 
carbon and alloy steels in moving parts, such as gears, cams, etc. Aj 
cation of various types and grades of steel has brought forward the 
that any one steel cannot be used indiscriminately but must be studie 
relation to the service for which it 1s intended. This paper gives the 
sults of a series of tests as an introductory study of the effect of 
treatment on the abrasive qualities of plain carbon and alloy steels; a 
having been sujected to various heat treatments. 

The machine used for these tests is shown in Fig. 1. The typ 
rollers used are shown also. The arrangement of the rolls and the din 


a 
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Fig. 1—Machine used for making abrasive tests on steel 
rollers 
sions of the test roller are shown in Fig. 2. The pressure on the t 
roller is a dead load of 240 pounds. The machine is direct motor-driv 
A paper to be presented at the Pittsburgh Sectional meeting, May 25-27. | 
author, A. M. Cox, formerly metallurgical engineer, R. D. Nutall Co., Pittsburg 
is president and treasurer of the Pittsburgh Commercial Heat Treating Co., Pit! 
burgh. 
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Test Roller. 


240 Pounds Load on Idler. 


2—-Arrangement of rolls and dimensions of test roller. 


Fig. 2 
the counter, the front driven roll turns 100 revolutions while the test roller turns 300 
revolutions or 750 revolutions per minute 
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For each revolution of 
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Fig. 


3—Curve showing wear of plain carbon steel No. 1, brine quenched 
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having a motor speed of 1140 revolutions per minutes. The 20 tooth } 
tor pinion drives a 106-tooth gear. At the other end of the shaft holding 

the 106-tooth gear is a 40-tooth pinion, which drives the lower rolls. 
front roll is operated by a 29-tooth gear and the back roll is’ operate 
a 26-tooth gear. 

This arrangement gives the rolling and sliding action to which gear 
teeth are subjected. There is approximately 10 per cent sliding at || 
times whereas the ratio of sliding to rolling obtained in involute 
teeth varies. An involute tooth wears more rapidly below and above 
pitch line since at these points the contact is both sliding and rolling. \; 
the pitch line the contact is pure rolling. Since these extreme con 
points should pass through the are of contact in the same time as a p 
on the pitch line, if the surfaces are worn so as to shorten their arcs o/ 
contact, they will have to travel slower in order to cover their are of con 
tact in the same time that a point on the pitch line covers its are of con 
tact which is longer. 

This causes vibration which varies in frequency with the speed. The 
above is stated here in order to show the difficulty in approximating the 
actual wear conditions of gear teeth in service by any type of wear 





Table I 
Chemical Composition of Steels Tested 





Carbon Carbon Chrome Nickel Chrome Nick 
Steel Steel Steel Steel 
Per Cent No. 1 No. 2 No. 3 No. 4 
EE ard. wire ca neas 0.520 0.226 0.550 6.240 
Manganese .......... 0.340 1.020 0.300 0.290) 
yg ee 0.016 0.077 0.030 0.032 
tot nth ntaaall * 0.039 0.063 0.042 0.039 


caida oe: east e thei 0.090 0.030 0.170 0.130 
Fre otiepe 1.840 1.490) 
Pee 0.990 1.150 


ernie is, <a ae: 


ge ORS 


abrasion testing machine. The machine is equipped with a counter. One 
revolution of the counter occurs for every 100 revolutions of the 
roller. The three large rolls are 3 inches in diameter and are made fron 
Hadfield 14 per cent manganese steel. 

Four kinds of steel were studied, two plain carbon steels of low and 
medium carbon content and two chrome nickel steels of low and medium 
carbon content. The chemical composition of these steels is shown in 
Table I. The specimens of carbon steel No. 1 were selected from a 
specially forged 6-inch bar. The specimens of carbon steel No. 2 and o! 
alloy steels No. 3 and No. 4 were selected from a hot-rolled 2-inch bar. 

Steel No. 1 was made into nine test rollers. There were heated uni 
formly to 1475 degrees Fahr. and quenched in brine solution. Three of 
the test rollers were left in this condition, having a Brinell hardness 0! 
approximately 555. These are designated in Fig. 3 as 14, 24 and 34 
Three of the test rollers were given a draw back at 800 degrees Fah 
giving a Brinell. hardness of approximately 444. These are cated i 
Fig. 3 as 1B, 2B and 3B. Three of the test rollers were given a oo 
back at 950 degrees Fahr. giving a Brinell hardness of approximately 30 
These are designated in Fig. 3 as 1C, 2C and 3C. 

Steel No. 2 was made into six test rollers. 


Map fete, bie 


Weight lost in milligrams 
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These were carbonized 
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750 degrees Fahr. to give a 1/10-inch case. Three of the test rollers 
ere heated uniformly to 1380 degrees Fahr. and quenched in brine solu- 
n, then given a draw back at 350 degrees Fahr. in oil. The scleroscope 
averaged 89 to 91. This treatment is known as single quench 
. hardening. 
lhree of the test rollers were heated uniformly to 1475 degrees Fahr. 
quenched in oil. They are reheated to 1380 dgrees Fahr. and 
renched in brine solution and given a draw back at 350 degrees Fahr. 
The scleroscope hardness averaged 88 to 89. This treatment is 
known as double quench case hardening S. A. IE. treatment G. Steel No. 
designated in Fig. 5 as 18, 2S and 3S and 1D, 2D and 3D. S$ repre- 
nts the single 
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lers were left in this condition, having a Brinell hardness of approxt- 


test volte were given a draw back at 700 degrees Fahr. giving a Brinell 
1 e 
oo 444. These are designated in curve Fig. 4 as 


Re ee ae eae 


giving a Brinell hardness of approximately 302. These are- de- 
signated in Fig. 4 as 1Z, 2Z and 3Z. The treatment given is similar to 
. treatment F. 
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quench and D) the double quench treatments. 
3 was made into nine test rollers. These were heated uni- 
degrees Fahr. and quenched in oil. Three of the test 
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Curve showing wéar of chrome nickel steel No. 3, oil quenched 


These are designated in Fig. 4 as 1X, 2X and 3X. Three 


Three test: rollers were given a draw back at 950 ‘degrees 
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Table II 
Average Wear in Milligrams Per 18,000 Revolutions 
Material Weight Hardness Weight Hardness Weight Hardness Ma: 
Brinell Brinell Brinell 
Carbon 94.9 600 * 55.0 555 36.5 555 A -1,2 3 
Steel 243.0 477 *212.0 444 207.0 444 B -1,2 | 
No. 1 189.0 302 *142.0 293 132.4 332 oS i. 
Chrome Nickel 29.4 555 * 32.4 555 179.0 555 es. 
Steel 213.8 444 225.1 444 258.9 477 ee &. 
No. 3 203.0 302 *210.5 269 239.7 269 Z -1,2 ; 
Scleroscope Scleroscope Scleroscope c 
Carbon S. 25.9 90 * 26.3 91 23.1 91 S -].2 
Steel No. 2 D. 26.1 89 29.3 88 * 20.6 89 D -1,2: 
Chrome nickel S. 19.0 89 26.4 92 * 28.4 89 = =3,2: 
Steel No. 4 * D. 30.1 89 18.1 88 35.3 89 D -1,2 
Test roller weighed 136 grams approximately. Total revolutions of test rol! 
72,000. Total distance covered—3.6 miles. 
S—Single Treated, Case Hardened. D—Double Treated, Case Hard 
*Taken for Micro-Photo. 
Carbonize | Quench Quench , 'Drraw._| q 
S| 1750°F | 1380? F! Brine 350F | 
ee OT BR ae r 
D | I750°F | 1475°F Oi) 1380°F Bane. 350 F | 
stile tata 1 sl asteahicetleni acti 
| | i | 
140 lacks aelsioul Liat bn I ne 
WY tort 
€ 130 pa ieclegaiet _— +4 1 4 ____ wh 
Ril nid = Ischia cdeabelinias B& Sclerascope WU 
Oo = | 0 ; | 
i 110 maiiipealliennal ee wind ih le Ee tae vd 
LS 100 ! -—f-——-- - — ; Ie eee o 
€ Bh Iie dectd ned deostectl aed Le eee | ; | — 
C a oe a Lk it ol |_| 189 
2 50 —, carter po ean 
40 he Ba tedster einilie | 
tc 30/1 | | | eee Ol __,_.—__| D- Double Quench H 
oR | | Bai | i: ore , | : 3 
= 20 ’ = ich awed he ci ahtelinitiaele = a aie e Quench y 
@ “4 | } | | { 1 
3S 10 oo : a 
0 { j ' | { i a 3 
0 20000 40000 60000 80000 S48 | \ 
Revolutions of Test Roller e .: . 
Fig. 5—Curve showing wear of plain carbon steel No. 2, case hardened 
Steel No. 4 was made into six test rollers. These were carbonized 
at 1750 degrees Fahr. to give a 1/10-inch case. Three of the test rollers 
were heated uniformly to 1400 degrees Fahr. and quenched in brine solu- | 
tion and then given an oil draw at 350 degrees Fahr. The scleroscope | 





hardness averaged 89 to 92. Three of the test rollers were heated un! 
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Fig. 6—Curve showing wear of chrome nickel steel No. 4, case 


350 degrees Fahr. which is S. A. FE. Treatment G. 
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mly to 1500 degrees Fahr. and quenched in oil. They were reheated to 


The test rollers 


ere turned 0.010-inch oversize on the outside diameter to allow for grind- 
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have occurred at the surface of the test rollers. 
()ne inch bars were made from steel No. 1 and 


the counter or 18,000 revolutions of the test roller. 


wear loss does not follow the Brinell hardness. 


rao 


age wear obtained from the three ranges of hardness is plotted with 


physical properties over the same hardness range. 


increasing at 470 Brinell and then decreasing at 302 Brinell. 


steel 


r after heat treatment. This eliminated any slight decarbonization that 


‘ 


No. 3. These 
ere heat treated as shown in Figs. 7 and 10 and are designated A, B, 
\, Y, Z respectively. Tension tests were then made 
compare the physical properties with the abrasive properties. 
lhe small test rollers were weighed on a laboratory balance accurate 
| milligram. Each run between weighings consisted of 60 revolutions 


| 1400 degrees Fahr. and quenched in brine solution, then given an oil draw 


The time of each 
was 24.5 minutes. The results were plotted using the revolutions of 
test roller as abscissas and weight lost in milligrams as ordinate. 
\ study of Fig. 3 shows that when the Brinell hardness of steel No. 
ls below the maximum that can be obtained for that particular steel, 
Also in Fig. 7 the 


C, 
from these bars, 


Here we find the 


r loss of each test roller was in a straight line ratio. 


the three specimens are shown in Fig. 8. 
ihe curve in Fig. 4 shows the plotted results of the wear loss of steel 
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Microstructure 





of three specimens of plain carbon steel No 1 At 


the 
>t, in the center 27 and at the right 2. 


left is shown specimen 


Fig. 9 Microstructure of chrome nickel 


steel No. 3, specimen 2¥, X. 190. 
Vo. 3 per revolution: of the test rollers, ‘lest roller 3Y 
weight loss than JY and 2X. This occurrence has 
ion unless characteristic of the chrome nickel steel. Examination under 
the microscope disclosed no surface decarbonization or a changed struc- 
lure. The area covered by steels No. 1 and No. 3 is approximately the 
sane. ~The structure of test roller 2V is shown in ig. 9. The 
‘urcs of 2¥ and 2Z showed practically the same structure as 2X, 
Che curve in Fig. 10 shows the plotted results of 
erties of steel No. 3 and the average wear 
ranges. Note the wear lose curve is 
the plain carbon Steel shown in Fig. 7; 


| # creasing at 302 Brinell 


fave vreater 
nO apparent explana- 


otek 


struc- 


the physical prop 
the three hardness 
similar to the wear loss curve of 
increasing at 460 Brinell and 
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The curve in Mig. 5 shows the plotted results of the we 

No. 2 per revolution of the test rollers. The single 

ve a shightly better wear than the doub] 

erograph Fig. 1] 
1] 


I ieérs 


ar loss of steel 
quenched test rollers 
e quenched test rollers. Photo- 
ure of the 2S and the 3D 
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The curve in Fig. 6 shows the plotted results of the wear loss 
‘steel No. 4 per revolution of the test rollers. Here also the sing! 
quenched test rollers gave better wear results than the double quenched 
test rollers. Photomicrograph Fig. 12 shows the microstructure of 
3S and the 1/) test rollers 

In order to get a better perspective of the four steels tested the 
erage wear in milligrams per 18,000 revolutions of the test rollers h 
been tabulated in Table Il. ‘he total linear distance covered by e 
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test roller was 3.6 miles. 
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Microstructure of two specimens of plain carbon steel, case hardened At 
2S and at the right is 3D 





Microstructure of two specimens of chrome nickel steel No. 4, 
specimen 3S and at the right is 1D 


case hardened. At the left is 


The same markings were used so that any one 

specimen may be followed on the curves or in the tables. The average 
vear was based on 18,000 revolutions of the test roller so that apprect- 
le amounts of weight loss could be tabulated. 


the tests made under the conditions 
escribed, the following conclusions are drawn: 


Based on which have been 
These tests are preliminary and are published in hope that a more 
general discussion will be promoted on the properties of metals to de- 


nine the relative wear as affected by steels that rub, one against the 


-. The test results indicate that the greater the density and hard- 
the greater the abrasive resistance. 

3. The ordinary tension and Brinell tests are not a reliable index to 
rasive qualities of a material. 
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4. The carbon steels showed more uniform results than the c| 
nickel steels and less average wear loss. 

5. Further tests will have to be made to determine the combin. 
fect of ductility and hardness on the abrasive properties of materials 
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CHANGE IN DIMENSIONS OF HIGH SPEED STEELS IN 
HEAT TREATMENT 


By Marcus A. Grossmann 


S JE time ago when data was desired on the shrinkage of high 

. eed steel due to heat treatment, a search of the _ literature 
to reveal any such data. It was, therefore, decided to carry out a 
of measurements on high speed steels of three different composi- 
in common use. The steels were selected from stocks having ap- 
mately the following compositions: 


Steel 18 Steel 15 Steel 13 
per cent per cent per cent 
Re Rs A. le Aaa ee 0.65 0.65 0.85 
hak « «N 18.0 15.0 13.0 
( sc GPa a wees ee ouiianrs 3.5 3.5 ao 
ae ee 1.0 0.50 0.50 


(he property, measured was the change in length after heat treat- 
ment. The test pieces were cylinders 1% inches in diameter and about 
inches long. They were measured with ordinary 3-inch micrometer 
alipers. In making the first set of measurements, reported elsewhere 
“Shrinkage and Expansion of a High Speed Steel Due to Heat Treat- 
ment M. A. Grossmann, Chemical & Metallurgical Engineering, May, 
1022), it was found that two precautions should be taken in making 
ength measurements in this way. One, obviously, was to protect the 
ends of the test pieces from oxidation; the other was to have the planes 
o! the ends parallel, so that the measurements would be concordant even 
if not taken at exactly the same point on the test piece. The former was 
‘omplished by bolting protecting pieces on the ends of test piece, as 
shown in Fig. 1. When this was done, about half of the area of the end, 
it the center, was perfectly clean without a trace of oxidation, although 
the hardening was done at temperatures up to 2300 degrees Fahr. in an 
pen furnace. The planes of the ends were made parallel by cutting 
the test pieces in a lathe. The ends of the test pieces and the faces 
of the protecting disks were then ground smooth, and the resulting 
surfaces were in sufficiently close contact to keep air from the ends. 
lt the machine work is done carefully, there is no difficulty in keeping 
the ends clean. 
Che length of the cylinders was measured in the annealed condi- 
tion as prepared, then in the quenched condition after hardening, and 
hen after drawing at various temperatures. Care was taken to make all 
measurements when the test pieces were at approximately the same tem- 
perature, about 70 degrees Fahr. The same test pieces were used for 
the successively higher drawing temperatures after any one quench, but 
no individual piece of steel was quenched more than once. Three differ- 
ent series of steels were hardened at successively higher temperatures and 
the: n drawn and measured. Each series was carried through independently 


f 


at different times. 
Uhe values obtained are given in Tables I, II and III, and a general 


‘ 
Ccnart 


iart derived from each of these tables is given in Figs. 2, 3 and 4 re- 


ee 


paper to be presented at the Pittsburgh Sectional meeting, May 25-27. The 


tho Mareus A. Grossmann, is metallurgist, Electric Alloy Steel Co. 
Charleroi, Pa. 
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Steel 13. Length of 


Quench 


temp. 
degrees \s 
Fahr. Original quenched 
1900 2.5185 2.5234 
ye 2.4898 2.4920 
2300....... 24406 2.4426 
2000....... 2.5269 2.5301 
2200 2.5175 2.5215 
2300 5 ae rr 2.5414 
2600.......: 25432 2.9464 
1900. . .. 2.4889 2.4916 
2100 2.5128 2.5160 
Ss. % 5: 0:0, Se cn 
PS 2.5022 2.5057 
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Table I 


Dimensions in 


Dimensions im 


Quench Drawn Drawn 
temp at 300) at 500 
degrees \s degrees degrees 
ahr. Original quenched Fahr Fahr 

1900. . 2.5061 2.5060 2.5057 2.5067 
2100 29916 2.5519 2.5523 2.5526 
ae 2.5165 2.5180 2.5178 2.5174 
2000. 2.5179 2.5189 2.5187 2.5191 
2200. 2.4962 2.4989 2.4982 2.4978 
Ms okies 2.5054 2.5675 > 5677 2.5674 
2400 24940 2.4968 4960 =. 2.4959 
1900 2.5127 2.5138 2.5141 2.5140 
2100 2.3812 2.3840 ? 3839 2.3836 
2200... 2.5007 2.5036 2.5033 2.5029 
2300 2.5305 Sas06 4.23001 2.5324 
Table II 

Steel 15. Length of 
Quench Drawn Drawn 
temp. at 300s at 500 
degrees \s degrees degrees 
Fahr Original quenched — Fahr. ahr. 
1900. . 2.5211 2.5213 2.5216 2.5223 
2100 2.5056 2.5076 2.5078 2.5081 
| 2.4951 2.4978 24976 2.4973 
2000... 2.4872 2.4900 2.4898 2.4897 
2200.... 2.495] 2.4986 2.4980 2.4979 
Babe vcccces OMe 64a 2.5204 2.5193 
2400.... 2.5107 2.5152 2.5147 2.5145 
1900.... 2.4610 2.4639 2.4635 2.4034 
2100.... 2.5084 2.5117 2.5114 2.5109 
2200... 2.4987 2.5020 2.5012 2.5003 
2300 2.4967 2.5013 2.5012 2.5007 


Table III 


Dimensions in 


Drawn 
at 500 
degrees 


Drawn 
at 300 
degrees 


Fahr. ahr. 
2.5231 2.5230 
2.4913 2.4936 
2.4419 2.4413 
2.5290 2.5291 
2.5210 2.5197 
2.5402 2.5398 
2.5452 2.5444 
2.4905 2.4901 
2.5149 2.5139 
2.5238 2.5233 
2.5045 2.5039 


STERI 


inches 
Drawn Drawn 
at 700 at 900 
degrees degrees 
ahr. ahr. 
2.5066 2.5065 
2.5525 2.5519 
2.5169 2.5165 
2.5181 2.5183 
2.4970 2.4970 
2.5669 2.5667 
2.4949 2.4948 
2.5139 2.5134 
2.3831 2.3826 
2.5023 2.5021 
2.5321 2.5319 


Drawn 
at 700 
degrees 

lahr. 
5229 


5077 
4966 
4892 
4970 
5183 
5130 
4631 
5103 
5001 
2.4999 


VRNONONNWNNKNNNW 


inches 

Drawn Drawn 
at 700) at 900 
degrees degrees 

Fahr. ahr. 
2.5225 2.5207 
2.4925 ~ 2.4917 
2.4428 2.4424 
2.5287 2.5284 
2.5195 2.5190 
2.5389 2.5385 
2.5435 2.5433 
2.4905 2.4898 
2.5143 2.5137 
2.5231 2.5225 
2.5030 2.5025 


Dr 
at 


degrees 


inches 


‘awn 
900 


ahr. 


) 


4994 





PREATING 


Drawn 
at 1100 
degrees 
‘ahi 

065 


sn 


IV DS IS DO IN Pg PV bv Pe — 


wt 
J 

i 

+ 


Drawn 
at 1100 
degrees 

ahr 
2.5223 

5074 
4977 
4891 
4984 
5185 
5134 
4035 
5102 
5007 
4997 


IN PII NIN NNN bo 


Drawn 
at 1100 
degrees 
ahr. 
2.5205 
2.4925 
2.4433 
2.5285 
5201 
5402 
5454 
4903 
5144 
5234 
5045 


NNNNNNN! 


Steel 18. Length of Cylinders After The Heat Treatments Indicat. 


Cylinders After The Heat Treatments Indicated 


Cylinders After the Heat Treatments Indicated 
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ely Examination of the table and the charts reveals that high 
steels of this type always expand in hardening. In general, up to 
iin limit, the higher the hardening temperature the greater will be 
pansion. When this hardened high speed steel is drawn, it con- 
it temperatures up to 900 or 1000 degrees Fahr. When heated then 


, 0) degrees Fahr. It expands and when finally heated at higher tem 
res it contracts until it finally reaches approximately the original di 
ns of the annealed condition. 

Careful examination of the table will show that there is in some cases 

i le variation in the amount of change of dimension. This is due 

to the fact ‘that the earlier measurements were not so accurate as 
ter ones. However, these variations in dimension change are due 

} 





Fig ] Full size skeiei ot test specimen used 


bably greater degree to slight variations in the heat treatment. It 
» seems likely that the time factor is the one which has the greatest effect 
: hese variations. Greater concordance in individual results could un- 
tedly have been obtained by timing all heat treating operations ac- 
a cu tely, combined with greater care in the use of salt baths, but these 
» ‘ehnements were purposely avoided. It was the desire to obtain average 
which would show the order of magnitude of the changes to be ex- 
pected when operating under average shop conditions. The charts are 
“iawn to show the results likely to be obtained on the average, when 
ng steel under the conditions shown. 
t will be observed that there is always an expansion on hardening; 
that this expansion is greater, ithe higher the quenching temperature, 
a certain point. The subsequent contraction on heating up to 900 
es Fahr. is also greater the higher the quenching temperature. This 
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Fig. 2—Steel 18 Increase in length per inch of length under various heat treatn 
Origina/ As Orawn . 
00/5 nck geenched ef goo*F I00 7 theg 
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Fig. 3—Steel 15. Incfease in length per inch of length under various heat treatn 





Fig. 4—Steel 13, Increase in length per inch of length under various heat treatments 
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e expected, as the original expansion has to do largely with the 
tion of one form of martensite. This martensite is changed by tem- 
_the resulting grain growth and formation of carbide being accom 
by contraction in volume. Then when the steel is heated at 1100 
s Fahr., an expansion sets in, which is the index of the change from 
nite to the second martensite. This, as was also to be expected, is 
pronounced the higher the quenching temperature. With further 
ing at still higher temperatures the steel contracts to about its for 
limensions. 
\ comparison of the three steels, shows that the first expansion is 
ter in the lower tungsten steels, and that the second expansion, 
ely at 1100 degrees Fahr., is greater in the higher tungsten steels. A 
er important point is that while the lower tungsten steels can be 
treated to develop a reasonably large amount of austenite, the heat 
» in the highest ranges causes overheating, coarse grain, and its ac- 
mpanying brittleness with excessive blistering of the surface. The 
vher tungsten steels can be heated to temperatures high enough to 
evelop a very considerable amount of austenite, and still retain a fine 
rained structure with its accompanying advantages. 
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THE INFLUENCE OF HEAT TREATMENT UPON THE MA 
NETIC PROPERTIES OF STEEL 


By Lancelot W. Wild 
AGNETIC quantities that may be varied by subjecting steel to de 


heat treatments may be classified as follows: ® 
. ‘ ‘ “er : . ‘ 4 
1. The intensity of magnetization under the influence of a maznet 


force sufficient to saturate the steel. 
2. The permeability under one or more purely arbitrary magnet la 
lorces. 
3. The residual induction on closed circuit, resulting from the applic & 


of any conveniently high magnetizing force. 

4. Vhe coercive force resulting from the application of a high magix 
ing force. 

Intensity of magnetization when the steel is fully saturated 1s a mea 
of the amount of magnetizable material in the steel. It can be measured 
a high degree of precision on short cylindrical specimens and the mea 
ments can be carried out very quickly. 

Measurement of permeability, if it is to be measured with precision, 
quires the employment of specimens of ring form or else very long 
which must be tested in pairs. Rings require that they be wound for 
test and the employment of long rods greatly increases the difficulty 
carrying out precise heat treatment. 

Measurement of residual magnetism is even more difficult than tha 
testing permeability. It is hardly possible to obtain precision except 
ring specimens. 

Coercive force can be measured on the same cylindrical specimen 
are used for the measurement of intensity of magnetization. The testi 
can be carried out very quickly and a high degree of precision is obtai 


In this paper the author has confined his attention to the measuren 
of intensity of magnetization and coercive force, the two tests being car 
out on the same set of specimens. The object of the experiments was 
obtain a general survey of the effects of reheating hardened steel to vari 
temperatures and slowly cooling it. 

The specimens consisted of cylinders 1 inch long and ™_ inch 
diameter. The magnet for saturating the specimens was formed out of ty 
discarded transformers. The magnet with the specimen in position is shown 
section in Fig. 1. @ is the specimen under test. b is the ballistic coils, 0! 
which more will be said later, ¢ is a block of ebonite, into which the spe 
men is inserted. This insures that the specimen shall stand upright whil . 
the upper half of the magnet is being lifted on or off. d shows the winding 
of the magnets. e represents the two blocks of iron. These were mace 
about 0.995 inches high in order that the weight of the upper half of t! 
magnet should rest mainly upon the specimen so as to secure good magneti 


er 


e , 


contact. f represents the transformer laminations. The section of tli | ( 
core is 2 mches square, thus giving 4 square inches of pole surface. , 


The magnet was wound with 820 turns of copper wire of 0.080 inc! | 
diameter, With 12 amperes and about 20 volts a magnetizing force of // 
4000 was obtained. With 30 amperes H could be increased to 6000, but s 


pei BRE, AROS. 





. A paper presented by title at the Indianapolis Convention. The author, Lan t 
lot W. Wild, is president, Wild-Barfield Co., London, Eng. 
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Fig. 1—Cross 
men in Positior. 
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Section of Testing Apparatus Showing Magnet and Spec 


Table I 
Density and Compositign of Specimens 
SCI MS A B D \W 
7.80 7.80 7.75 7.75 7.70 8.10 : 
Per cent Per cent Per cent Per cent Percent Percent Percent Per cent 
0.03 0.12 0.63 0.91 1.03 0.86 
vranes¢ 0.04 0.625 0.33 0.34 0.29 0.345 
osten i aio ar : ae at 6.34 
Chromium .,. ees le 
Nickel jaune rane ae sae 
On «sce 0.01 0.094 ().094 
hur “.. =e 0.013 0.008 0.017 
‘phorus 0.014 0.017 0.072 


RL 
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owing to the heat produced it was found impossible to use this higher » 
netizing force except for one experiment per day. The winding was 
in any way endangered by using the larger current, but sufficient heat 
soon communicated to the specimens to make a measurable drop in ti 
saturation intensities. Fortunately, it was found that every steel tes 
was fully saturated at H=3000, and most of the testing was carried U 
at #1==4000, under which conditions the specimens remained quite ; 


4 
Arrangement of the ballistic coils the author believes to be m M 

\n inner coil of 40 turns was wound directly without any insulation bey 

the silk covering of the wire itself in a single layer on a very thin bra 


tube. An outer coil wound with 18 turns and made in the same way wa- c 
htted concentrically onto the inner coil. The two coils had exactly the sa 
area turns. The two coils were connected differentially in series wit! 


ballistic galvanometer, which was scaled in terms of maxwell turns. 
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Fig. 2—Magnetization Curve for Swedish Charcoal Iron it 
\Vhen a brass dummy specimen was placed between the magnet poles anc ls 
{ the magnetizing current was reversed, absolutely no throw was obtained 
f the galvanometer. However, when a magnetizable specimen was _ placed 


in position and the current was reversed a galvanometer throw was obtained 
which it is evident must be proportional to, not the induction in the speci 
men, but the magnetic intensity. 


ical. i i 





the first place, it is not necessary to maintain the current steady. In the a 
second place a higher precision is obtainable by taking a single throw instead 


Mt ‘ 
, z 
2A X (T,—T.) 5 
: Where / is the magnetic intensity. ‘ 
A is the area of the specimen. \4 

T, is the number of turns on the inner coil. a 

T, is the number of turns on the outer coil. | 

Mt is maxwell turns. 
Two advantages are found in using this differential arrangement. [1 a 
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‘he more usual plan of taking one reading on the inner coil and sub- 
ting from this an amount calculated from a reading taken with the two 
; connected differentially. 

To obtain the value of H, which however was never required with ex 
ess, a throw was taken on the outer coil alone and from this was sub- 
cted ary amount derived from the ordinary differential throw by multi 
ing it by 18 and dividing by 22, the ratio of the turns on the outer 
to the effective differential turns. 

‘ig. 2 shows the magnetization curve obtained with a very pure Swedish 


ircoal iron (SCI). The density of this iron was 7.80. It will be seen that 
saturation is attained at about H=—1800, and that above this value the mag- 
tic intensity remains constant. The saturation value of 471 is 21.3 kilo 


lines per square centimeter and / itself is therefore 1695. 
The following values have been found previously : 


\uthority Year Value of / 
Kwing and Low..... eR es on iy Se oe ee 2 be Ae 1889 1630-1740 
ic Ee ea ence sc s ualaae eo kien a 1700-1725 
(sumlich ee eee Aba NIL ah len ak ar aR ay lo ta, >see te 1909 1725 
Ot ID Aaya), EE Oe a SE ee voce oan 1740 
Beattie Bali MR Se le i a Ee Bolg ca cle 1910 1740 
A Se ac aicsctlie nna atbinitiessa: 6.59 EPG Kos Ree ae cdo oe ee 1910 1695-1710 
PGI. Se earth bv eke © il se ee 4 OEE nl ee 1911 1680 
Cheney Tn ook ie, Sonat ata laid ple naing cd ne wae ie 1920 1672-1725 


[he variation in the above authorities is remarkable. No doubt this 
partly due to errors of method and of instrument calibration, but is also 
no doubt very largely due to variations of density and to slag inclusions. 
lhe coercive force was measured on the same specimen pieces as were 
used for the saturation intensity test. The procedure was as_ follows: 
\fter magnetizing the specimen, the upper half of the magnet was lifted 
off and the specimen was removed and placed in a small search coil con- 
nected to a ballistic coil of suitable sensitiveness. The specimen was then 
sharply withdrawn and the galvanometer throw was observed. This gave 
the open circuit remanance from which the coercive force could be cal- 
culated directly.’ 
Mt 
Had < 
47 AT 
Where B=-flux density. 
A==area of specimen in square centimeters 
Mt=maxwell turns. 
7==number of turns on search coil. 
Hd—demagnetizing force due to ends 
Hc=coercive force. 
D)=-demagnetizing coefficient. 


[he value of D depends upon the dimension ratio that is length to diam- 
te In this case the dimension ratio was 4. The value for D for thi 
limension ratio is given by Professor Thompson® as 0.724. 

Now He must be more than Hd or there would be no open circuit 
remanance. For a specimen having a dimension ratio of 4 a cursory in- 


~ 


1 L. W. Wild. “A Method of Measuring the Magnetic Hardness of Ferrous Metals and 
Utility for Carrying Out Research Work on Thermal Treatment.”’ Transactions of the 
Society. Vol. 15, Part 3. 

2. Silvanus Thompson. ‘“‘The Magnetism of Permanent Magnets.”’ Tournal of the 
trical Engineers. Vol. 50. No. 217. : 
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spection of a hysteresis loop shows that the ratio of He to Hd musi 
something less than 1.05. Experiments on tungsten steel have deter); 
this ratio to be 1.02 with an uncertainty of about 0.01 either wav. 
is quite near enough for the measurement of coercive force, for heat 
ment experiments, especially as relative rather than absolute values 
required. bf 
Experiments were carried out on iron and Yiierent steels. The 
yses and density of these is given in Table I% The specimens were 
heated and quenched from the following temperatures : 

S.C.1.—Swedish charcoal iron. 910 degrees Cent. 

M.S.—Comimon mild steel. &60 degrees Cent. 
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Fig. 3—Magnetic Intensity Curves for Swedish Charcoal Iron, Common Mild Steel, and Stray 14 
Carbon Steels S 
A, B, and D.—Straight carbon steels. When just nonmagnetic. N 
W.and W.P.S.—Tungsten and chrome steels respectively. 850 degre: 
. ~ 
Cent. v 
N.—Nickel steel. When just nonmagnetic. | > 
After being quenched the specimens had 24 hours rest before bein . r 
tested for saturation intensity and coercive force. The specimens wet “ | 
then subjected to the following successive heat treatments being test | 
after each when quite cold. 
1. Boiled in water for 5 hours. | 
2. Heated in oil and maintained at 150 degrees Cent. for 30 minute . 
3. Heated in oil and maintaianed at 200 degrees Cent. for 5 minutes 
4. Heated to 250, 300 and 400 degrees Cent. successively in a mixtur | 
of potassium and sodium nitrates. 
- . - . - a = 
5. Heated in furnace in an atmosphere of. pure hydrogen to tempera 


tures of 500, 600, 700, 800, 900, 1000 and 1100 degrees Cent: They wer 
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MS 
20.75 
20.75 
20.75 
20.8 
20.85 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
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Table II 


A 
19.6 
19.5 
19.5 
19.7 
20.55 
20.55 
20.45 
20.4 
20.35 
20.3 
20.3 
20.4 
20.45 
20.45 


‘lowing temperatures and slowly cooled. 


B 
18.2 
18.1 
18.1 
18.25 
19.95 
20.0 
19.95 
19.9 
19.85 
19.8 
19.8 
19.9 
19.9 
19.9 


OF 


Values of Magnetic Intensity* 


19.4 











19.15 
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down in the furnace to 400 degrees Cent. and were then removed 
(inished in air, 

able IT gives all the values of magnetic intensity and Table III those of 
ive force. Curves from these tables have been plotted and are to be 





WPS N 
14.25 20.7 
14.2 20.7 
14.2 20.7 
14.25 20.75 
14.3 20.8 
14.35 20.9 
14.35 20.8 
14.35 20.75 
14.35 20.7 
14.35 20.6 
14.35 20.55 
14.45 20.7 
14.4 20.75 
14.35 20.75 
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ed and quenched from best hardening temperature, then reheated 
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It will be seen that the saturation intensity of iro 
remains quite unattected by heat treatment, though the coercive force « 
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Fig. 5—Coercive Force Curves for Common Mild Steel and Straight Carbon Steels 
Fs Table III 
| Values of Coercive Force* 
Reheating 
temperature 
degrees Cent. SCI MS \ B D W WPS N 
a lo a a 1.5 9.5 48 60 63.5 61.5 48.5 24 
SG Sa 6 seem 6 ae 1.5 9.5 46 57 61.5 58 48 23 
150 1.5 9.5 43 55.5 58 55 47 22 
SES ls. «3a. hbo ve dee 1.5 9.5 36 45.5 48 45 45 21 
M4 SD) i>. vd atkiniate See aiete a ae 1.5 9 24 29 32 33 43 18.5 
ER riers harenepne- 1.5 8.5 19.5 23 24 26 40 15.5 
ER eee re 1.5 7.5 18 22 22.5 24.5 37 13.5 
MD in owen 1.5 6.5 20 25 22.5 23 26 10 
ET eee 1.5 5.5 19 23 16 24.5 17 Y 
i ee ae eee alg 125. «45 15.5 18 13 20 15 10.: 
Sas 5 Anan ca ale Boia oe 1.0 3 9.5 12 11 16 14.5 8.5 
SP Sis <6 okt ete oben 1.0 3 7.5 10 11 15 14.5 & 
AS RESTON cary tara 0.75 2.5 7 10 11 21 22 / 
i a a ae ra des 0.75 2.5 7 10 11 27 30 7 
*Specimens heated and quenched from best hardening temperature, then reheat 
ed to following temperatures and slowly cooled. Coercive force measured whe! 
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es as soon as hardening strains are taken out and still further 4s erain 
th commences. 
the galvanometer employed was not sufficiently sensitive to bring out 


























changes that really occur in the coercive force of iron. This might 
intageously form the subject of a separate investigation. The addition of 
s on lowers the saturation intensity all along the line. but there does not 
ar to be a directly linear relationship between the magnetic intensity and 
: carbon content. The most notable feature of the carbon steels is the 
of magnetic intensity between 200 and 300 degrees Cent., when the 
entite is precipitated from solution. 
4 lhe small drop of magnetic intensity on reheating to 100 or 150 de- 
Go} 
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5 3 Fig. 6—Coercive Force Curves for Chrome Steel, Tungsten Steel and Nickel Steel 
: a 
¥ ‘ . ° ° ‘ ° 
grees Cent. the author is unable to explain. On reheating to a temperature of 
+00 to 800 degrees Cent., apparently: some of the cementite returns into solu- 
tion and does not entirely reprecipitate with slow cooling. On reheating to 
1000 degrees Cent. or more when all cementite must be in solution, ap- 
parently all preciprtates on slow cooling. 
Referring to Fig. 5, it will be seen that there is a very large drop of 
coercive force taking place between 200 and 300 degrees Cent. Doubtless, 


Cl 5 +} 


us 1s due to the cementite coming out of solution and thereby becoming 
iagnetic. The peculiar hump at a temperature of 500 degrees Cent. is 
[ interest. This may be due to the cementite again partially entering solu- 
and not precipitating on cooling as previously suggested. 

Coming to the three alloy steels, it will be seen that the nickel steel 
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much the same way as a carbon steel. The nickel how: 
which, when in a free state is only about one-third as magnetic as 

becomes about equivalent to iron when alloyed with it. The tungsten . 
follows the general line of a carbon steel except that the carbon featy 
are less pronounced and there is a decided drop of magnetic inten 
and increase of coercive force when a reheating temperature of 900 

grees Cent. is exceeded. 

The chrome steel is most remarkable. It contains 87 per cent of 
and yet the saturation intensity is only about 67 per cent of pure iron, a 
this remains almost untirély unchanged by heat treatment. The coer 
force does not drop on tempering nearly so steeply as with other ste 
and the rise on heating to over 900 degrees Cent. is even more pronoun 
than with tungsten steels. It will be noticed that all three alloys st 
show a distinct hump in their coercive forces, the chrome steel at 4 
the tungsten steel at 600 and the nickel steel at 700 degrees Cent. 

It is hoped that a consideration of these results will be of some va 
to metallurgists in coming to definite conclusions as to what really happ 
when steel is hardened or otherwise given thermal treatment. 

The author wishes to acknowledge his indebtedness to his  brot! 
Roland C. Wild for carrying out numerous analyses, to Sir Robert [| 
field for supplying him with a sample of very pure iron and for taking 
interest in the work, and to numerous previous experimenters and writ 
notably the late Prof. Silvanus Thompson and the late Prof. Bertram Hi. 
kinson, who by their work and publications have done much to clear the \ 
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rHE CARBONIZING PROCESS—RELATION OF TIME AND 
TEMPERATURE TO DEPTH OF CASE 


‘ By Theodore G. Selleck 


rT 11 twme factor of the carbonizing process is one that depends upon so 
f uany conditions outside of itself that it really seems under most cir- 
stances to be incidental to the process, rather than a positive, pre- 
rmined factor. Of course all action of whatever sort 1s measured and 
ly more or less governed by time. In most chemical and mechanical 
esses this factor is thoroughly understood and is given a scientific 


' is of value; but in the carbonizing process we find it difficult to estab- 
ts value because such value depends upon so many conditions which, 
lar, we have not been able to even standardize approximately. 

First of all in carbonizing, the time required to produce a certain 
th of case will depend upon the degree of temperature at which the 
eration is carried out. ‘To the average case hardener this settles the 
ole question of the function of time. He is convinced that if he gives 

ly work 100 per cent more time he will much more than double the 


th of penetration without increasing the temperature. If he could 

ntain the same conditions for the extended time that prevailed dur 

the shorter period, his conclusions probably would prove quite true, 

nd oftentimes this occurs. Again he may be surprised to find that his 

i ‘-lusions are all wrong, and that he has not added to depth of case to 

material extent by giving added time. In some cases he really loses 

he quality of the case. This is because time, as an element of the 

‘ess, depends not only upon temperature but upon every other element 

factor of the process and the conditions of those elements and factors. 

Some of them are exceedingly variable, changing during the progress of 

the operation without giving the operator any evidence of change until 
finds it in the final result. 

Carburizing materials sometimes change their chemical compositions 
terially during protracted periods of heating, and the operator has no 
knowledge of a change until he finds no increase of penetration. Probably 
he finds also that the carbon content of the case is lower than he has been 

the habit of obtaining in the shorter operations. 

‘his sometimes occurs where an operator has used one carburizer, 
perhaps for years, on a certain line of work requiring only short time 
periods and he has found it to work satisfactorily and consistently at 
ertain temperature for a certain period of time. Suddenly he changes 
time schedules, or his temperature, and finds that either the added 
time or the increased temperature have brought about chemical changes 

his carburizer that he did not anticipate. 

It is not unusual either for one user of a carburizer to obtain greater 
epth of case than another user of the same carburizer, when used for the 
same period of time, at the same temperature, on the same type of steel 
ud on the same character of parts. In the one case the operator may 
e getting as much as 1/16-inch penetration in 6 hours at 1650 degrees 
‘ahr., while his neighbor may be getting but 1/32-inch in the same time 

| at the same temperature. The governing conditions in such cases 

iv be in the difference in the methods of packing the parts in the boxes, 
; Uhe author, Theodore G. Selleck, 1s a consulting metallurgist, 302 N. Pine 

Chicago. This is the third of a series of 10 articles on “The Carbonizing 
ess” written by Mr. Selleck. 
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or pots, or the placing of the boxes, or pots in the furnace. ‘These 
some of the variables of the process which affect directly the value 
time in the process and make it difficult to establish standard schedul 
or to find the true relation of time to temperature in carbonizing st 
lt would not be difficult for us to find the exact relation of time to te, 
perature could we always be sure that we had the exact temperature 
pyrometer indicated. If we knew exactly the carbon content, the p 
centage of other alloys in the metal ; and could be sure of the constan 
of the carburizer. ‘These “ifs” form a barrier that we have been unalh 
to remove by any method of operation that has been developed to t¢! 


Li 
present time. ‘Therefore it is only in a general way can we consider th 
relation of these two factors of the process to each other, and to the r 
sults to be obtained in the application of the process. 


As a matter of fact there is no element of time in the carburizati 
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Fig. 1—Chart showing carbon penetration with relation to time and temperature 


of iron, when the metal has been brought to the proper thermal cond 
tion and the carbon is simultaneously in the proper condition for the iron 
to accept it. The carburization is instantaneous under such conditions, 
although its permanency may depend upon conditions that are difficult, 1/ 
not impossible to establish. 

The writer has seen numerous examples of steel castings carbonized 
by the use of a “carbonizing core” during the pouring of the metal; and 
it is quite possible to obtain considerable depth of case by this method 
However, the difficulty lies in preventing the “burning out of the carbon’ 
during the pouring operation. But it is evident that the carburization 
must be instantaneous. T. E. Worley, of the American Steel Foundries 
Co., of Hammond, Ind., has made some very interesting experiments along 
the line of carbonizing steel castings in the pouring of them. 

Another method of proving the instantaneous action of carburization 
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to heat the metal to a temperature well beyond its critical point and 
cover it with such carbonaceous materials as charred leather, charcoal, 
rium, etc., all finely powdered. A high carbon content is obtained in 
is manner, and because of the fact that the temperature of the metal 
lls rapidly and is below the carbonizing temperature within a few min- 
, ‘es, the carburization must be instantaneous. The element of time there- 
: re applies only to the travel of the carbon from the surface of the metal 
vard the center or core. This travel depends upon (1) temperature, 
2) character of the metal, (3) the nature and constancy of the carburizer. 
0% Some years ago the writer made some experiments to determine the 
c<act relation of temperature, or rather heat, to the absorption of carbon 
the carbonizing process. The theory upon which these experiments 
ere based, was that the same number of heat units passing through 
eel surrounded by carbonaceous material and at a temperature above 
e carbonizing point of the steel, should always produce the same result, 
regardless of the time involved in the operation. Several tests were made 
nd charted, but unfortunately the experiments were never carried to a 

4 nelusion, although some data of value was obtained. 

In the making of these tests to establish, what the writer has called a 
‘thermo-volumetric scale” of heat values, various curves were made of 
arbonizing operations carried on always at rising temperatures, never 

; at certain temperatures for a definite time period. These curves and the 
results obtained in their making were compared from the standpoint of 
the number of the heat units used in their development. One of the charts 
is shown in Fig. 1. Curves No. 1 and 2 show the same penetration for the 
same time period, although temperature conditions were different for the 
two tests during the operation. The same result, so far as depth of case, 
was obtained in the making of curves No. 3 and 4, although No. 4 had 
the highest temperature for the first three hours and was given the ad- 
vantage of two more hours of heat. The number of heat units cannot 
ve stated because the records of these experiments have been lost. But 

will be noticed that no record is made of the heat involved below the 
ninimum carbonizing temperature of 1470 degrees Fahr. 

In a positive manner these results seem to establish the relation of 
time to temperature to be the same as indicated in Fig. 2, wherein a 
yraphic illustration of the difference in the value of the two factors is 
shown. This chart was made from tests of carburizing operations car- 
ried on for stated periods under temperature and carburizer conditions 
as constant as possible. The same carburizer was used, the same type 
ind size of steel test pieces were used, the same alloy container was used, 
ind the same furnace and pyrometer used in all the tests. An interesting, 
ind valuable chart could be developed by carrying this line of experi- 
ments further, but from this chart it will be seen that a few more degrees 
temperature is vastly more potent in producing depth of case than 


4 several hours time. According to this chart the line of tests run at 1700 

i legrees Fahr. gave the following depths of penetration for the periods 

: time mentioned : 

7 irburizing Time Depth of Penetration Increase 

# hours Inches Per cent 

te Ms 6 MEN es Cue 6b 6s cakes vr 100 
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At a temperature of 1750 degrees Fahr. a penetration of 5/64-in 
was obtained in six hours, as against 10 hours for the lower temperatu: 
whereby it is seen that the potency of 50 degrees above 1700 degr 
ahr. is equal to four hours at 1700 degrees Fahr. The vertical line 
the chart indicating a series of tests carried for a period of six hours 
various temperatures indicates that 1/32-inch penetration was obtained 
six hours at 1600 degrees Fahr. whereas the horizontal line shows 1+] 
the same depth of case was produced in five hours at 1700 degrees Fa 

rom these charts we learn that if all desired is heavy penetrati 
we have only to carbonize at a high temperature, but it is a foolhar 
case hardener who adopts that method without determining first of 
the carbonizing efficiency of his steel before attempting to establish tin 
schedules. Facts concerning the carbonizing efficiency of the various 
loys added to steel were given in the last paper of this series, publish: 
in the August, 1921, issue of TRANSACTIONS, therefore the matter will ; 
he taken up here. 

It has been stated that the travel of carbon into the steel from ¢! 
surface toward the core, depended upon three conditions, the first of whi 
has been discussed. However, it may be said in addition, that for the h< 
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results in carbonizing, it is better to have a rising temperature throughout 


the operation than to have the temperature drop at any time even for 


brief period, as such a drop of temperature, if of any consequence, will 
affect materially the diffusion of the carbon. Further light has been 
thrown upon the case mentioned in the August, 1921, issue of TRANSA( 
rioNS concerning the plug gages that spalled severely when quenched 
trom the pot. It seems that analysis. of the scale from these gages 
showed a carbon content far beyond the theoretical capacity of the meta! 
to absorb carbon, and that during the process of carbonizing, a sever 
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yp of temperature occurred which interfered with 
ie carbon into the metal. 
haracter of the steel placed in the wen gt ot the case hardener is at 
ies only approximately known to him and as a result he is frequently) 
victim of circumstances. In the regular run of business in the treat- 
{ standard parts it is possible for him to know closely the analysis 
is metal and accordingly he should be able to judge whether higher 
nperature or longer time is best for any added penetration desired. 
may be assured that under all conditions of metal ‘the higher the tem 
rature the more rapid will be the penetration, but ‘the 
know whether it is wise to use it. 
\s every case hardener should know the 
efthciency of the steel he treats, he should also know the efficiency 
his carburizer. He should know, by personal experience, and not by 
claims of the salesman or manuf: icturer whether it 
will remain constant during long hours of service, or whether it has 
imtt beyond which it will not be efficient and economical. In de 
mining these matters he should not take others word for it, not even the 
ratory of his own plant, because no manufacturer knows as he does 
exact conditions under which he is working, and: laboratory condi 
ns are rarely those of the furnace room. The man on the job is the 
equipment, his tools, his help, 
sup plies and his results better than anyone else, and the knowledge 
gains from actual test and experiment is more valuable than he ean 
n by advice from metallurgist, salesman, or even by reading 


take the best that 


the natural diffusion 


good workman 


character and the carboniz 


is of a character 


/ 
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these 
is offered him 


these agencies and add them to his own personal experiences to 


ht thereby. 
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DETERMINATION OF HEAT TREATING COSTS 
By Harold F. Wood 


large production and of general industrial waste. ‘This has resulte 
in but little attention being paid to the question of costs. As long 
there was a demand for the products, the main item of consideration wa 
how to produce more. This resulted in a decrease in the efficiency 
labor and a general increase in the amount of avoidable waste. Such 
policy on the part of industrial managers created wasteful ideas not on! 
on the part of labor but also on the managers themselves. 


| URING the past few years we have been passing through a period 





In those days the cost department served as a tool to collect unr 
liable data from which to secure figures to convince the customer that 
he should pay more for his product rather than to collect accurate dat 
to convince the shop that the cost of production was-excessive. 

We have this past year been passing through a period of industria 


depression. According to the opinion of our best ‘business experts, wi y 
are now just entering a period of industrial readjustment which, in turn ve 
will be followed by a period of general business prosperity. Just how FS 


soon this period of prosperity will arrive and how prosperous it will be 
will be determined by how long it takes everyone connected with busines: 
to readjust themselves to the new conditions and get away from thei 
wasteful and costly methods employed during our recent productior 
period. fe 





The industrial concern that realizes these facts and that knows a 
curate costs of every detail making up the final cost of its product will 
be the concern that will survive and prosper. Its motto will be “How to 
produce the most and the best for the least.” This paper will not attempt en 
to discuss how to produce the “most and the best” but will show in de 
tail the items to be considered in the determination of an accurate unit e 
cost and how these various items are embodied in the final cost which in a 
turn tells us whether we are producing the “most and best for the least.” 

The heat treating department has come into its own and its opera , 
tions of today constitute an important item in the cost of the finished & 
product. There is no department in industry today that is more myster 
ous from a cost standpoint than that of heat treating. This has been 
caused by the fact that most industrial managers have only a very small 
idea of what heat treating really is and also by the fact that the science 
of metallurgy has developed so fast that the question of costs has been 
neglected. 


Ta ae 
ea eM 


One of the most important items in cost determination in the heat 
treating department is the proper distribution of the departmental burden 
on the various units of the department so that each one will bear its proper 
share. For the average heat treating department, the principal elements 
that constitute burden are fixed charges; which include the interest on in 
vestment in land, buildings, equipment and inventories, the real and per 
sonal property taxes, depreciation and repairs of buildings and equip 
ment; indirect operating expenses such as supervision, indirect labor and 





\ paper presented at the Indianapolis Convention. The author, Harold 
F. Wood, is chief metallurgist, Ingalls-Shenard Division, Wyman-Gordon Co., 
Harvey, IIl. 
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pplies (including coal and water) fuel or electric power, and miscel- 
neous manufacturing expenses such as employees liability insurance, etc. 

The distribution of burden is brought about by the creation of vari 
is burden centers in the heat treating department. For instance, if a 
it treating department is made up of four electric furnaces of the sane 
nstruction and size, and 10 oil fired furnaces of the same construction 
d size, there would be two burden centers. However, if part ot the 
rnaces are of different design and construction it is necessary to liave 
iore burden centers to enable accurate costs to be determined on each 
lividual unit. 

Interest—To determine the proper charge to each center for the use of 
juipment and in order to show the relation between the cost 1 centers 


equipped with expensive furnaces and those equipped with less expensive 


urnaces, interest at 5 per cent per annum on the investment in plant and 
ventory should be included as part of the burden. It might be said in 

passing that imterest is an item that is neglected in many big companies 
day. 

Taxes—State and county taxes on real and personal property should 
e included in the burden. Inasmuch as these taxes are levied on the as- 
sessed rather than appraised values, it is necessary to recalculate a rate 
based on appraised values in order to distribute this expense conveniently. 

Depreciation and Repairs—The rates used in determining the amount 
| depreciation and repairs to be included in burden for cost purposes de 
pends upon the design and construction of the particular furnaces making 
ip the center in question. It has been the experience of the writer that 

depreciation and repair rate of 10 per cent on well built electric and 15 
per cent on well built oil furnaces is accurate. These rates depend to such 

large extent on how the equipment is handled that it is impossible to 
estimate within plus or minus 2 per cent. 

It is necessary to treat repairs as a fixed charge making the amount 
charged to cost on account of repairs uniform each month instead of 
showing a large fluctuation as would be the case if actual expenses were 
charged to cast as incurred. In connection with the depreciation and repair 
item the author desires to make the additional statement that a large 
number of companies that do keep accurate cost information make a mis- 
take on the question of depreciation and repairs, because they consider 
by their experience that the repair rate over a pertod of time is so low 
that to charge off 15 per cent would be throwing too much of an extra 
burden on the furnace. They must take into consideration that with the 
strides that have been made in the past vears in furnace design, the de- 
velopment of a furnace that is the last word today, is obsolete in about seven 
vears. In other words, we must consider that a furnace must be either 
completely rebuilt or probably be completely replaced by a more modern 
furnace at the expiration of a period of seven years, so that would be 
about the maximum time that we should safely take in charging off the 
valuation of a furnace. 

Land and Buildings Iactor—TYhe fixed charge on land is calculated 
y taking the sum of the interest and taxes of the land in question and 
lividing same by the land area in square feet. The fixed charge on build 
ngs is calculated by taking the sum of the interest, taxes, depreciation 
ind repairs on the building in question and dividing same by the build- 
ng area in square feet. The rate on deprectation and repairs for heat 
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Fig. 1—Productive labor ticket which shows the particular operation being performed and whet 
it is regular or extra 


treating buildings depends upon their type of construction. For a well 
built fire-proof building this rate is approximately 3 per cent. The fixed 
charge per square foot on land and buildings is the sum of the above two 
items. 

The floor area of the entire heat treating department is distributed 
over the various burden centers in proportion to the exact area occupied 
by the various centers. The land and buildings factor for each burden cen 
ter is the product of the fixed charge per square foot on land and build 
ings and the area in square feet of the particular center in question. 

Equipment Factor—The fixed charge on equipment in a given cente: 
is determined by the product of the equipment valuation and the rates 
for interest, taxes, depreciation and repairs. The sum of these charges 
represents the total equipment factor. 

Indirect Labor—Indirect labor in the heat treating department in 
cludes supervision, clerks, inspectors, truckers, janitors, timekeepers, al is 
lowances to piece workers, etc. The amount chargeable to burden is de 4 
termined by estimate for a period of a year and distributed over the vari 
ous burden centers of the heat treating department in a way that in 
the opinion of the superintendent is evenly divided 

Supplies—Certain materials are required in the operation of each cen 
ter which do not enter directly into the products of that center. These 
include oil waste and grease, small tools, paint, water, coal, first aid sup 3 
plies, disinfectants, electric power for lighting and operating cranes, but : 
not for furnace heating, etc. . 

Power and Fuel—This covers the amount of fuel oil in the case of oi! 
fired furnaces or of electric power in the case of electric furnaces. The 
amount taken for each center is based upon the estimated tonnage to }x 
treated and the hours to be worked for the year. 

General Factory Burden—To be included in the cost chargeable | 
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burden center is a certain percentage of the general factory burden. 
what this percentage will be cannot be determined without taking 
consideration the size of the center in question together with the 
ff the entire, factory and the importance of the center in relation to 
‘factory as a whole. General factory burden includes all executive 
i nse, office expenses including office help such as clerks, storekeepers, 
tsmen, etc. 
\Viscellancous, Charges—Miscellaneous charges include all burden 
ves not covered by the previous headings. These consist principally 
ibility insurance, fixed a irges on inventory, etc. The actual amount 
isually determined each month and distributed to the proper burden 
CFs. 
Having determined the proper number of burden centers necessary 
| particular heat treating department and developed the burden charges 
each center, the next step is the determination of a proper furnace- 
ir rate for each center based on the total estimated furnace hours that 
| be realized in a vear for the particular burden center in question. 
: s rate is determined by dividing the total burden charge developed 
: each center by the total estimated furnace hours for each center 

lhe accompanying table shows the development of a furnace hour 

for a burden center composed of six furnaces all of the same con- 
struction and size. The figures used. are taken at random and merely 

w the detail analysis of how the furnace-hour rate is arrived 

lhe determination of accurate costs can be brought about only by 

use of an accurate system for the collection of all data that enters 











Method of Determining a Furnace-Hour Rate 


and and Buildings Factor, \nnual Amount 
oe eS OP 2 eee cc oe 
L-quipment Factor, 
Furnaces (6) 
Pyrometers 


i 


peta PARE = eA ee 1.800.00 


AS OMT ITE CRT 


he a a a kw we 400.00 

ee ec cus, eo bas Fi REN eee hé wee cee 200.00 

PORE © Ae dete + cian 6 ete Cad vs 4 WOES OEE Chee be cass He 600.00 

$15, 000.00 

‘ interest. oe Benmee G@) SD Mer Cont .... cc ccccwcvccnccccvces $ 750.00 
F i lCUlU OO OR eee 45.00 
‘ Depreciation and Repairs on $15,000 @ 15 per cent........ 2,250.00 


$3,045.00 
3,045.09 


Pete hen Wein hake SoS RNAS ne CKk Kees Bede i eee ke $ 3,345.00 
pete we ead enw es 10,000.00 


Se aN i ah bs cms th ethene ni wha 0 one es vee aaa 1,500.00 
uer Gee Me a, ce cc ee ccc cect cacecccrsess 17,000.00 


Cooneyay eaeaeera amnenees (WO WOT COME i ee ccc ck cee c ecw esees 3,500.00 
Me DS 20) EAs CS aN OL Gs Fc oe Wad wb Mob iod has We adind Seemed dea 655.00 


lotal Fixed Charges 
Indirect Labor 


Oe $36,000 00 
otal estimated furnace hours—-300 days per year, 20 hours per day, on 
| ; six furnaces 300 x 20 x 6 36,000 hrs 


irnace hour rate = ROTO = $1.00 per furnace hour. 


36,000 hr. 
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Fig. 2—Nonproductive labor ticket covering all Iabor not pertaining directly to the actual heat treati: 
operation 


into costs. This is secured by the use of a job ticket system with a 
curate time clocks for measuring the exact elapsed time of each opera 


scription of each job ticket is given below. 

In heat treating parts where they are put through in heats, one 
ticket is made out for each man of the crew and for each individual heat 
In case parts are treated in continuous furnaces or as a continuous oper 
ation such as loading one piece and pulling one piece, one ticket for each 
member of crew is satisfactory as long as operation progresses in the 
regular way. The sample ticket shown in Fig. 2 shows in detail how 
each ticket is filled out. The particular operation being performed and 
whether this operation is regular or extra is checked. This enables the 
time office to collect all data for payroll purposes and the cost department 
to charge the cost to the proper account number. The productive labor 
ticket is used on all operations that enter into the actual heat treating 0! 
the part in question. 


The nonproductive labor ticket, shown in Fig. 2, is used for all labo 


tor work, clerks on hourly rate, truckers, etc. Many times it is best to 
give piece rates on nonproductive operations such as steel stock handling. 
etc. In this case the cost data is entered on the back side of the ticket 
as indicated in Fig. 3. 

All lost time is collected and charged against the proper account num 
ber. This is an important item in the heat treating department. The heat 
treating superintendent never realizes the amount of lost time that ex 
ists in his department until each individual case is brought to his atten 





tion in hours and tenths of an hour. In the heat treating department it me 
is possible to collect all data by the use of three kinds of job tickets, = 
productive labor, nonproductive labor and lost time tickets. A detail de i. 


that does not pertain to the actual heat treating operation such as jan! ; 
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so that he can see the dollars and cents actual loss. <A lost time 
is shown in Fig. 4. 

Qn many heat treating operations run on the piece work system, 
es occur when unforeseen difficulty is encountered that prevents the 
ew from making an amount which is equal to what they would have 
le had, they been working day rate. If the difficulty encountered was 

lue to any neglect on the part of the crew, it is only fair that an al- 
ance be made for the same. It will be noted that provision is made 
this ticket for the approval of the division superintendent. “iis is 
portant. In our plant we even go a step further oa these particular 
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STEEL STOCK HANDLING | 
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Fig. 3—-Frequently it is desirable to give piece rates on non 
productive operations such as steel stock handling and thes: 
are entered on the back of the nonproductive labor ticket as shown 
tickets and have them brought to the attention of the works anager be- 
lore being urned over to the time office and cost departiment. 

It is necessary in collecting cost data to make sure that every em- 
ploye working either piece work or day work shall have a job ticket all 
the time. This makes it possible to divide the time accurately and see 
that same is charged properly by the cost department. 

It will be noted that in the development of burden charges a large 
number of items are based on estimate. The cost as determined by using 
these burden charges, therefore, are not absolute costs. They are ap- 
proximately accurate and for unit cost study in the plant, they are entirely 


satisfactory. However, for the preparation of actual profit and loss state- 
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ments for each month, it is necessary to go further. The balances 
maining in the various burden accounts after credit has been entered 
earned burden are transferred to the unearned burden and burden varia 
account at the close of each month. A debit balance will represe: 
loss due to unused heat treating capacity or an increase in the ac: 
burden charges over the estimate or standard. Statements showing 
tail analysis of this account are prepared monthly. 

It is impossible to overestimate the effect of proper cost analysis 
the heat treating department. It has been general policy for years 
keep costs away from the shop foreman and superintendents. The |) ,; 
treating superintendent of today must be able to think in terms of doll... 
and cents. The only way he can be educated to do this is to secure {; 
the cost department full information on the costs of each operation in 





Fig. 4— Lost time and allowance ticket showing how lost time is charged against each account 
is an important item 


department in statements issued by the cost department at least once per 
month. These statements should show the unit cost on each operation 
each job run, detail analysis of all lost time showing dollars and cents 
actual loss and subdivided into causes, and a detail analysis of all extra 
operations performed placing definite responsibility for same. 

A study of these monthly reports enables the heat treating superi 
tendent to definitely locate where the losses occur so he can take immei 
ate steps to reduce them to a minimum. A comparison of these statements 


with those for the month before will show at a glance actual progres; 


made in reducing heat treating costs. 


From these statements it is possible to prepare unit costs per piece 


or per pound on the different jobs and for each individual operation « 


a given job. All pieces rejected in the heat treating department shoul: 


be taken to a definite location daily. ‘The first thing each morning a co" 
ference should be held and each piece gone over carefully. At this co: 
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ce the dollars and cents actual loss to the company should be brought 
nud impressed upon the foremen as well as the men actually causing 
‘ejection. If this study is carried out carefully on the part of every 
concerned, the heat treating superintendent will find that his costs 


ve lowered materially and his production efficiency greatly increased. 


e MIR. PORTER: I wanted to ask the speaker about the size of the 
| in which he uses this system, the number of men involved and how 
easily the data is collected. I studied that thing in machine work. It was 

‘the same principle. I found it extremely difhcult to get that data 
t ther myself. 


Discussion of Mr. Wood’s Paper 


— \l 


u at 


VLR. WOOD: In our shop when we are running normal, we have 

750 men working, and it is necessary to have two production clerks 

| e shop to gather the data. In ad lition to that we have two men in 

cost department which prepare all the cards. The reason we are able 
: to do that is because of the simplicity of the cards themselves. 

| One question that has already been raised, going into a detailed cost 

liscussion is that each company alw: ays has its own particular cost meth- 

wh ich it has worked up through a number of years, and this company 

‘ that this is particularly adapted to its particular work. We don’t 

| recommend that they change their cost system, but all we do want to do 


p is to impress the importance of the different individual units, to make 
q sure they are included. You would be surprised to find out how many 
B, ‘companies neglect a lot of the important items. In the drop forge industry, 


is even more pronounced than in the straight heat treating. 

MR. PORTER: Do you use a tabulating machine? 

MR. WOOD: We don’t at the present time, although it is a simple 
matter to punch holes in the cards and use a sorting and tabulating ma- 
chine. 

CHAIRMAN HARTZELL: This ts an extremely interesting topic. | 

velieve that the report submitted by the Commission of Engineers, who 
investigated about three hundred steel farbicating plants in the country 

he matter of time, material, and man waste, arrived at some such 
conclusions as these. 





1 T 
Uli L 


Only ten per cent of the three hundred plants in this country Knew 
which it cost them to waste man power. About fifty per cent of the three 
hundred had no system whatsoever for determining cost. Thirty-five per 
cent did not make more than $5,000 profit. That was startling. 

Yesterday I was talking with the representative of a consulting en 
gineering firm along these lines, and he said that actually, while things 
were going so well, he thought his company was making money. Then 
vhen the slump came and he mae studying his own company he found 


it they were not making money, but were actuaily losing money. That 
is to Say, Money was coming in so fast and it went out so fast they thought 
go into another concern and show that concern where they were losing 


vy were making money when actually they were losing it, yet he could 
money. He said it was a startling revelation. 
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HEAT TREATMENT oF CHROME STEEL FOR BALL 
By Haakon Styri 
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IGHEST grade steel for bal] bearings contains about 
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With the greatest Care to give the best results, both 
and as the finished product. 

Some of the material 


1.0 per cent 
must be heat trea, 
during manufactur; 





is delivered to the plants in 





tion, with a Microstructur 


a hot rolled coy 







when it 
this is 


iS to be 


Shown in Fie 
nealed condition for 


usec for 


g. 1, 


the automatic 


e of lamellar pearlite 
forgings of balls or 
However, most material 


machines 


and cementite 
ball races 
is delivered 


ae specimen 
In the 


BEARING 


bounda; ies 


consisting of 





and must have 





fne granular 
ture contains any 








pearlite, as 
lamellar pearlite the ] 
higher and the cutting tools 


will be dulle 
Structures with Brinel] 


hardness respec 


shown in 


rinel] hardness 


d quicker, 
tively 


a Structur, 
Fig. 2. Tf the striy 
generally wil] 


and 236. 


sionally we find 
ture has been 







annealed bars whi 
too high during 


*h are hard 


( Ter a 
in spots where the tempers 


annealing 


and has caused 
as shown 


in Fig, 5. 
g. 6, and carbide se 










































lamellar pearlite to be formed, 
well as material] with seams, Fj 
Fig, 7, is rejected. 
Before the material is subjected to hardening jt must have 
of granular pearlite. Aj] forged materia] 
hardening, A careful hardening is 
quality of ‘the product, and 
homogeneous condition 
temperature. It js 


Such Material. 
gTegations and 


a Structure 
is therefore annealed befor 
of the greatest 
it is first of all necessary that the 
when it is ready to be quenched from the proper 
not enough that the steel has reached such tempera 
ture, but sufficient soaking must be allowed, in particular for 
steels, which react slower than carbon steels. 
C 


Some experiments the author made on 
will illustrate the effect of insufficient 
0.50 and 0.80 per cent carbon content 
nace to just over the critical 
they were cooled off slowly. Figs. 8 and 9 show that the 
into pearlite or sorbite has started only in points, 
terial are retained as ferrite or divorced pearlite as 
tion. If the material is quenched after 
shown in Figs, 10, 11 and 12. 
into solid solution and forms 1 
as shown by Fig. 11. We get 
the temperature is too low 
in Fig, 13. 


When the steel has not been in the Proper condition before 
we can get martensite with Streaks of cementite, Fig, 15. 
tite boundaries. Mig. 14, Properly heat-treated steel will show fine marten 
site with eranular cementite, Fig. 16, Overheating gives coarse marten 
site, Fig. 17 and, if exaggerated, even some austenite, Fig. 18. 

Several interesting abnormalities have been found in hardening, which 
will be described later, as it may be of value first briefly to consider hard 
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ig. 1—Lamellar pearlite. Brinell 217. X 1000. Fig. 2 Granular pearlite. Brinell 180. X 1000 
3—Granular pearlite with a little lamellar pearlite. Brinell 203. X 1000. Fig. 4—Granular 


rlite with considerable sorbitic pearlite. Brinell 236. X 1000. Fig. 5—Sorbitic and lamellar pearlite 


cementite boundaries. Brinedl 305. X 1000. Fig. 6——-Surface seam from hot rolled bar stock, not 
turned. X 1000 
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Fig. 7—Martensitic structure with carbide and slag. X 1000. Fig. 8—Steel of 0.30 pet 
carbon heated to 720 degrees Cent. for 5 minutes and furnace cooled. X 250. Fig. 9-—Steel of 0.5 


cent carbon heated to 720 degrees Cent. for 5 minutes and furnace cooled. X 250. Fig. 10- Ste 
0.30 per cent carbon quenched in water from 720 degrees Cent. X 250. Fig. 11—Steel of 0.3 
cent carbon quenched in water from 900 degrees Cent. X 250. Fig. 12—Steel of 0.80 per cent « 


quenched in water from 720 degrees Cent. X 250 
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Fig. 13—Undissolved granular pearlite in martensite lightly etched. X 500. Fig. 14—Marte: 
structure with network of interrupted cementite boundries. X 1000. Fig. 15—-Very streaky str 
showing cementite streakiness. X 50. Fig. 16—Good hardened structure in ball bearing steel. X 
Fig. 17—Very coarse martensitic structure due to overheating. X 1000. Fig. 18—Ball bearing 
quenched from 1900 degrees Fahr. in oil and drawn to 400 degrees Fahr. showing coarse martensi' 
an austenitic ground mass. X 500, 
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1/10 of the radius. The result of the calculation may be 
d as shown in Fig. 19. 


he temperature ordinate at zero time represents the initial tempera 
ifference between the ball and the liquid, and can be expressed in per 
representing any initial temperature chosen. For any temperature 

therefore use the percentage scale and the cooling curves will have 
me form. For a variation in diameter of the ball there is a simple 
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Fig. 19—Theoretical cooling curves for steel ball 1 centimeter in radius By Heindlhofer 
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Fig. 21——-Change in size of balls due to drawing to different temperatures By Wrig! 


relation in cooling time which will increase with the square of the < 
eter. In other words, if the scale used for dimensions is changed from 
for instance, 1 square 1 centimeter to 1 square = 2 centimeters 
figures given for time must be multiplied by 4 and the same curves 

be used. 

The whole system is readily understood when made up in a wo 
model. ‘To illustrate the use of such a model let us see what happei 
the different points when the ball is quenched from 750 degrees Cent 
and we assume that for a given steel the critical rate of quenching 
through the range of troostite formation, near 600 degrees Cent., is about 


100 degrees per second. Where the temperature drop through this rang 
is less rapid, troostite should result. ‘his can occur for the center o! 

ball. But if we raise the initial quenching temperature, the corresponding 
cooling curve will show a more rapid drop and we will get no troostit 


at this point. 

If the heat conductivity in the steel decreases, the corresponding tim 
will increase with the 2nd power. If the cooling liquid is changed, thi 
result can be imagined by stating that for a given liquid the layer next 
the ball will be maintained at a constant temperature, and we can a; 
use our curve representing the total temperature in percentage. But 
layer of a different nature is formed at the contact surface, for inst: 

a layer of steam is formed when water is used as a quenching medium 
if scale is present on the ‘surface, we can regard such a layer as 
sulating material with a certain resistance against heat transfer. 
cooling curves will fall at a slower rate and there will not be so gr 
difference between the rate of cooling for the surface and the cente: 
the ball. The better the insulation, the less difference there will 
the rate of cooling. Mr. Heindlhofer has calculated the cooling cu 
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hig, 22—Ball of “-inch diameter, hardened but not drawn. 3 100, ‘ig. 2 Ball 14-inch 
te hardened and d 30) . 255 degrees Faht 0) F Ball -iticl 

r, hardened and drawn . minutes. at 5 degrees Fahr. , . a irich 
ter, hardened and drawn 30 minutes at 4! degrees Fahr. 100, “ig. Ball '4-inch 
ter, hardened and drawn 30 minutes at | degrees Fahr. 2 O00, “ig. Ball »-inch 
eter, hardened and drawn 30 minutes at 675 degrees Fahr. X_ 1000. ‘ig. 2 Ball 44-inch 
ter, hardened and drawn 30 minutes at 924 degrees Fahr. 1000 
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for the surface and the center of a big plate under the assumption 
surface insulation as indicated in Fig. 20. 


a. 

However, it is not only an increase of initial temperature shown e 3 
may account for a change in structure. The — temperature to \ By RS 
the steel has been heated may have caused a structural change so tha} vere 
only a slower rate of cooling is necessary in cane to suppress the ti : ‘ & 
tite formation. The investigation of Andrew Rippon Mills? ao. licht : a 
on this question. The excellent curves given for the expansion on heating ; | Ne 
of steels of different carbon contents show, in addition to the known con S| RAS 
traction on changing from alpha to gamma iron, that there is an expan = | Se 
sion of gamma due to solution of cementite. This expansion is not com . | Det 
pleted at Acm when cementite has disappeared in the microstructure, hut . | ae 
continues until considerably higher temperature is reached. They seem et 
to attribute the known increase in volume of a hardened steel over th | Ce 
annealed to this cementite expansion. . F and 


The larger volume of martensitic steels can hardly be explained 
this only. It seems to the author that part of such expansion at least 
be accounted for by minute slippage in grains when gamma changes 
alpha iron. Some experiments on change of dimension by drawing hard 
ened balls which we have made, may be of interest in this connection 
These measurements are shown in the curves in Fig. 21. 


Lary ae es OE 


Undoubtedly there is a decrease in volume when a hardened speci 
men is drawn to higher temperatures, and this is accompanied by some 
separation of cementite from solution and a coagulation which, as _ thx 
pictures show, is very evident at 400 degrees Cent. Fig. 22 was not 
drawn; Fig. 23 was drawn at 120 degrees Cent.; 24 was drawn at 230 de 
grees Cent.; 25 was drawn at 260 degrees Cent.; 26 was drawn at 355 de 
grees Cent.; 27 was drawn at 495 degrees Cent.; 28 was drawn at 650 d ; | 
grees Cent. However, the contraction seems to continue after the c 











mentite is separated out. | = 
We will now describe some of the abnormalities in the quenching re 

ferred to above. The martensite formation ts, as mentioned, found to j on 

take place below 350 degrees Cent. If the rate of cooling is fast enough : te 

this may be depressed and we get austenite. The formation of marten $5 


site, however, is not sudden. It takes time to complete it. Therefore, 
may well happen that a change can occur, when for some reason the coo! 
ing is interrupted. At such time there will be a gradual fall in tem 
perature from the center to the surface of the specimen. Let us imagin« 
that we cool off a ball rapidly until the surface temperature has fallen 
below the temperature for martensite formation, 350 degrees Cent., and 
that the cooling be interrupted for a moment by a local steam pocket 
The heat from the interior will then raise the temperature of the spot 
when some martensite has formed and draw this back to troostite. At 
this time the steam pocket may disappear and the normal rate of cooling 
be resumed so that the originally unchanged solid solution will change 
into martensite. Such process may result in what we have called su 
face troostite, which we have often found on hardened balls, as show: — 
in Fig. 29. We have found similar formations in a block of straight cai 

bon steel quenched according to the hump method. Near the surface 

decarbonized layer is found, then a layer of surface troostite, as shown 

Fig. 30, then one of martensite, as shown ‘in Fig. 31, then one of ordinary 





2. Andrew Rippon Mills, Journal Iron and Steel Institute, 1920. 
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28—Ball of %-inch diameter, hardened and drawn 30 minutes at 1200 degrees Fahr X 1000 
Surface troostite with some decarbonization. Hump method used X 100. Fig. 30—Straight 
tool steel hardened by hump method, showing surtace troostit X 500. Fig. 31—Specimen 
g martensite beneath surface troostite X 500 Fig. 32—Same as Fig. 30, showing troostite 
the 's-inch laver of martensite X 500 Fig 53 Surtac troostite In martensite X 1000 
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Fig. 34—-Surface troostite with some decarbonization. X _ 1000. Fig. 35—Surface troostit 
martensite X 1000. Fig. 36—Surface troostite in martensite. X 1000. Fig. 37——Surface troostit: 


martensite XN 1000. Fig. 38—Secondary ferrite in martensite. X 1000 
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ing troostite, as shown in Fig. 32. It is well to notice here that 
ostite mixed with martensite is produced in quenching and not in 
go, The orang troostite is homogeneous throughout, as shown 
24 and 25. 
surface troostite generally has a form entirely different from troos 
rmed in steel by slow cooling through the range around 600 degrees 
‘igs. 33, 34 and 35 show forms of troostite found on steel balls 
pe of needles more or less drawn, but there are forms, shown in 
‘6 and 37, also from surfaces which are much like troostite formed 
interior when too slowly cooled through the critical range. Mr. 
ren, of Sweden, has in particular called attention to these various 
{ troostite. A further abnormality is what Mr. Hultgren has called 
lary ferrite, as shown in Fig. 38, on which he has thrown some 
his investigation of tungsten steels where he shows the formation 
rt on retarded cooling in the temperature range between 600 to 525 
s Cent. and to be maximum around 500 degrees Cent. 
conclusion ‘the author wants to emphasize the necessity of 
ugh soaking at temperature before quenching and a regulation of 
ienching erpcratere to correspond to size of specimen and system 
iching. He also wants to _ out the importance of recognizing 
di tterent forms of troostite, in particular the difference between troos 
rmed during the quenching period and troostite formed by the 
ing of martensite. ‘The latter troostite is homogeneous, the former 
und in conjunction with martensite, or sorbite, and is not entirely 
gveneous when it happens to occur alone. 


Discussion of Mr. Styri’s Paper 


HAITIRMAN HARDER: Have you observed in any case an in- 

‘¢ in volume instead of a decrease in any of the drawing operations? 

MR. STYRI: Yes, we have, but not for this kind of steel. For an 

type of steel we have found an increase in volume at about 450 de- 

ahr. For that kind of steel we had the curve coming up this way. 

is to say, first a decrease in size, and then an increase in size, for a 
higher drawing temperature. That can be explained only by the trans 
formation of gamma iron. It is an increase in volume from austenite to 
martensite. This question belongs to another investigation and it would 
take considerable time to go into that. 

CHAIRMAN HARDER: Would you consideg it possible that the 
lecrease in volume in the second part of that curve might be due to the 
lecrease in volume of a precipitated cementite, due to the growth of 

nentite particles during the drawing operation? 
MR. STYRI: I don’t think so because a single coagulation of ce 
ite should not cause a decrease in volume. On the other hand, we 
know that cold worked steel has a larger volume than unworked and will 
contract on ‘being drawn to higher temperatures due to closing up of 
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Comment and Discussion 


Papers and Articles Presented Before the Society and Published in 
Transactions Are Open to Comment and Criticism in This 
Column-——Members Submitting Discussions Are Requested 
to Give Their Names and Addresses 








HIGH SPEED STEEL PAPER IS CORRECTED 


HROUGH an unfortunate set of circumstances, three errors appear« 

the paper “Physical Tests on High Speed Steels,” by A. H. d’ Arcam 
which appeared on page 586 of the April issue of TRANSACTIONS. To cl 
up any question which may have been caused by these inaccuracies, thy 
corrections are given below. 

In the sentence, “Diawing to 1100 degrees Fahr. into oi] or lead.” « 
which begins in the ninth line on page 591, a number of words which appear 
in the author’s manuscript were dropped out with the result that the sentence 
is meaningless. With the missing words supplied, the sentence should 
“Drawing to 1100 degrees Fahr. produced a small amount of troostite \\ 
its corresponding softness. Specimens of both types of steel quenched fro 
2350 degrees Fahr. into oil or lead and not drawn possessed the polyhedra! 
structure of austenite with only a few undissolved carbides and tungsticd 

In the small insert at the bottom of page 591, the chronnum cont 
should have been shown as 3.31 per cent instead of 3.13 per cent as wa 
printed. On page 593 in the eighteenth line from the top of the page, Irig 
25-30 should have been referred to instead of Figs. 18-24. 

Mr. d’Arcambal also calls attention to the fact that on page 567, th 
fifteenth line should have referred to a 14.0 per cent chromium steel 
stead of a 0.40 per cent chromium steel as shown. 
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The Question Box 


A Column Devoted to the Asking, Answering and Discussing of 
Practical Questions in Heat Treatment—-Members Submitting 
Answers and Discussions Are Requested to Refer to 
Serial Numbers of Questions. 








QUESTION NO. 5. What is needle bar stock? 


QUESTION NO. 6. Does the temperature in the carbonizing box or 
t at any time become greater than that of the furnace in which it is be- 

heated? 

QUESTION NO. 7. May tools be heat treated properly in a furnace 
1 which copper ts present? 


QUESTION NO. 8. What is the effect of high and low silicon in tool 
QUESTION NO.9. In carbonizing does not the carbon increase slight- 
even in the core section? 


QUESTION NO. 10. What surface of steel, that is, machined, cold 
rolled, hot rolled or cold drawn, carbonizes fastest and why? 


QUESTION NO. 11. Has high speed steel ever been carbonized and if 
what were the results? 


QUESTION NO. 12. How and why is cast iron heat treated? Is there 
such a process as ageing or seasoning castings other than by annealing? 


QUESTION NO. 13. A swaging die for tubing receives 3600 blows 
per minute. It has been found that a scleroscope hardness of about 95. is 
necessary to prevent excessive wear. When this hardness is obtained con- 
siderable trouble is encountered in warping during heat treatment. Is there 
my steel in which this hardness can be procured without warpage? 


QUESTION NO. 14. What can be done to prevent coiled strip stock 
from sticking together when annealed? This stock ts bright rolled, wound into 
oils and pack annealed and the coils sometimes stick together. It cannot be 
softened by heating below the critical range for fear of grain growth due to 
critical straining. 


QUESTION NO. 20. What are the causes of warping in the heating 
and cooling of steel? 


\NSWER. By Stanley A. Richardson, instructor in metallurgy, Lewis 
Institute, Chicago. 
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The warping of steel has been a problem to steel treaters, it may be 
since steel treating began. With the increasing use of heat treated struct 

parts, particularly those of considerable length or cross section, the prol 

has increased in importance. It is held quite generally among shopmen ; \; 
Warping is in some way the result of nonuniform heating or cooling. (C; 
ing, during or subsequent to heat treating, is thought to be due large] 
the same thing. That is to say, warping and cracking are phenomen; 
like kind, differmg only in degree. It is probably correct to say that 
majority of technical men atiribute these phenomena to the volume cha 
associated with the passage of a piece of steel through critical temperat 


I 


( 


lt is evident that the aforementioned views are not antagonistic, 
are substantially in agreement. If a volume change causes a piece of 
to warp or crack, it must be because there is an interval between the 
of the change in various parts of the piece, and this of course means 
the rate of cooling, or heating, is not uniform. It is undoubtedly true, | 
ever, that there are many heat treaters who overlook the fact that a )! 
of steel undergoes a sudden expansion while cooling through the critical 
perature, or, the reverse on heating. 


14 


In addition to the above, it is sometimes held that warping is due 
mechanical action, wherein the section of the steel cooled at the more | 
rate “upsets” the section cooling, at the slower rate. In view of the 
that in a piece of steel, one side of which is quenched in water, the quen 
side is found to be longer than the side cooling in air, it is not clear to ily 
writer just how this “upsetting” can take place. It is conceivable, and a 
matter of fairly common observation that steel can be warped by uneven heat 
ing before reaching the critical temperature. Such a condition is due, evi 
dently, to the fact that because of differences in the rate of expansion of 
joining sections, stresses are set up which exceed the elastic limit of the 


steel and thereby produce distortion. Assuming homogeneous material 
proper furnace design and proper furnace loading, should greatly reduce, 
not eliminate this condition. Warping of this nature is probably more 


noticeable in the case of pieces of great length or uneven cross section. he 
tendency of steel to warp or crack under this condition is said to vary in- 
versely with its thermal conductivity and directly with its coefficient of 
expansion. It is more pronounced, of course, in some steels than in others, 
probably reaching a maximum in high manganese steel, which can_ be 
cracked very easily by uneven heating. 

The writer has listened to much discussion by practical men at recent 
meetings of the Chicago Chapter relative to the foregoing. However, afte 
examining a number of the specimens presented, he is of the opinion tha 
the real mechanism of warping in steels quenched from above the critica 
range, in the vast majority of instances at least, hinges upon the formatior 
in the steel of varying amounts of the constituents marking the transition 
from austenite to pearlite, for example, martensite, troostite, and sorbite. 

It is a matter of common knowledge among metallurgists that each of th 
metallographic constituents of steel possesses a different specific volume or 
density. Quantitative determinations confirming this have been made )) 
various authorities, notably Maurer and other prominent European metal- 
lurgists and physicists. Martensite, the constituent produced by quenching 4 
piece of properly heated steel in water, has a greater specific volume (han 
any of the other constituents. In a piece of steel, the greater dimension 0! 
which is length, this is equal to saying that the piece will be longer alter 
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ing than before. Troostite and sorbite each have a specific voiume 
vhat less than that of martensite. When martensite and troostite, o1 
o-sorbite are formed in quantity in a piece of steel, the ideal condition 
istortion exists. The effect increases with increase in the carbon content, 
means of course that the effect depends upon the total amount of 
nsite and troosto-sorbite present. A piece of low carbon steel containing 
constituents will undergo a slight deformation, whereas in a high carbon 
the deformation will be quite pronounced, or, in most cases due to its 
uctility, the steel will crack. The cracks are usually parallel to, and 
to the line dividing the martensite from the troostite, and appear 
due to the tension placed on the martensitic area by the contraction ac 


companying the formation of troostite. Frequently in a high carbon. steel, 
s appear also in the martensitic area in a direction at right angles to 
the previously mentioned dividing line. The tendency to crack is influenced 


foundly of course, by the degree of temperature to which the steel 1s 

| above the critical point, being greater, in steel highly overheated. That 

av, coarse grained martensite is more brittle than that of normal grain 

e. The production of concentrated areas of martensite and troostite in 

1 piece of steel may be caused by uneven quenching or cooling of the piece, 

nequal temperature throughout at time of quenching, unequal drawing or 

tempering, and probably, nonuniform distribution, or concentration of the 

elements, particularly carbon. ‘The last mentioned condition can usually be 

orrected by a thorough anneal, while-the others depend upon factors pe 
culiar to any individual plant. 


The following simple experiments, performed in studying this problem, 


ie interesting, and can be duplicated in any shop. They were carried out 
under shop conditions without attempt to exact quantitative data. ‘The 
hanges in dimension were measured chiefly by tracing the outlines of the 


pieces on paper before and after the heat treating operations. Pieces of 0.20 
per cent carbon, 0.50 per cent carbon, and 0.90 per cent carbon steel, each 


andy bout 6 by 3 by 3/8 inches were heated to their respective proper quenching 
temperature and quenched about one-half of their width, that 1s about 1 1/2 
inches in cold water, and the microconstituents noted. In addition, pieces 
| a f 0.50 per cent and 0.90 per cent carbon steel were heated and quenched unt 
ae ; formly, and then immersed for about one-half their width in cold running 
Py vater and a drawing temperature applied to the upper edges with an 
acetylene torch. This temperature probably reached 900 degrees Fahr. at 
oa the upper edge of the pieces and graduated downward to the surface of the 
Ne vater. The results obtained including the cracking were almost identical with 
those obtained by quenching but one-half of the specimens in water and not 
‘ } tempering. 
se 1) In the case of 0.20 per cent carbon steel it is necessary to quench the piece 
least twice in exactly the same manner to produce a very marked deforma 
f the tion. This is to be expected when it 1s considered that steel of this carbon 
—— content can possess but 24 per cent of saturated martensite. As the stresses 
le by set up by each quenching exceed the elastic limit of the steel, the effect. 
netal- Mat 1s the distortion, is cumulative. If the piece is very wide a bulge will 
ung a x noticed on the ends of the section farthest from the surface of the water. 
— tor example, the section cooling at the slowest rate. This bulge’ will have. 
- af i greater length than the troosto-sorbitic area, but less than the quenched or 
a {tet martensitic area. Upon examination it will be found to consist of lamellar 
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The foregoing observations and experiments are not offered as b 
conclusive. It is believed, however, that they point toward an answer 
a practical question- which answer the writer, at least has never seen 
heard discussed. It would appear, then, that a very large part of the wary 
and cracking of quenched steels, while possibly due to uneven tempera 
conditions, is not due necessarily to unequal thermal expansion or conti 
tion, but to the formation in the steel of transition constituents having difi 


ent specific volumes. 


QUESTION NO. 23. Why 1s it that a piece of hot rolled stcc 
a given composition, will not harden in oil after carbonizing to the d. 
that a piece of the same composition will if first subjected to forging? 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest 
to Metallurgists and Heat Treaters 
By H. E. Gladhill 


EFFECT OF COLD DRAWING 
NSILE STRENGTH INCREASE BY COLD DRAWING. By E. J. Janitzky, 
Vol. 109, Page 707. 


siderable data has been pnublished on the mfluence of cold drawing on ten 
ngth, but no mathematical analysis has been made of it. On 0.10 
steels the increase in tensile strength is equal to 









per cent 
one thousand times the 
reduction of area up to reductions of ninety per cent. Beyond this point 
breaks are encountered in the curve. Beyond the breaks the increase is 
tional to one-half the reduction of area. For higher carbon steels the breaks 
tensile strength curves come earlier. Neither previous heat treatment 
ive affect the rate of increase in tensile strength. 








nor 










HIGH SPEED STEEL 


TES ON THE MANUFACTURE OF HIGH SPEED AND TUNGSTEN 
STEELS. By J. W. Weitzenkorn, Chemical and Metallurgical Engineering, Vol. 26, 
“ (4 























composition of the eutectiferous carbides in high speed steel is shown to 
y nearly that of the ferrotungsten added to the steel. The distribution of 
carbides throughout the steel materially affect its physical properties. In 
st condition these carbide masses are irregularly distributed. Mechanical 
nd heat treatment will give more even distribution. Heat treatment alone 
ly partially accomplish this. 












MALLEABLE IRON 
f[ALLEABLIZING OF WHITE CAST IRON. By A. Phillips and E. S 


ort. Presented at the New York Meeting of the American 
and Metallurgical Engineers. 












Institute of 





is found that as the wall section of cast iron increases the graphite particles 
coarser. Data is given on the critical points and some physical tests are 

The graphitic carbon jis said to be precipitated from the austenite rather 
irom the cementite. 











METALLOGRAPHY AND HARDNESS THEORY 


NEW INDUSTRIAL METHOD OF THERMAL 
nard, Revue de Metallurgic, Vol. 19, Page 39. 
new critical point instrument is described which not only 
n the cooling rate but also records dilations. 
iterials are included in the article 

GRAIN GROWTH AND RECRYSTALLIZATION IN METALS. TI. EX- 
PERIMENTAL DATA AND GENERAL, LAWS. By Zav Jeffries and R. S. Archer, 
h 1 and Metallurgical Engineering, Vol. 26, Page 402. 


















ANALYSIS. By M. 






records differ- 
Critical poimt curves on seven 






(he imfluence of time, temperature, degree of cold working, 
nd obstructing impurities are given consideration. 
hown to have a powerful effect in grain growth. 
— GRAIN GROWTH AND RECRYSTALLIZATION IN METALS. III. UN- 
JERLYING CAUSES. By Zay Jeffries and R. S. Archer, Chemical and Metallur- 
Engineering, Vol. 26, Page 449. 
he laws of grain growth are presented and the nature of 
is discussed. 


original grain 
Strain and heat gradients 












grain growth 
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THEORY OF HEAT TREATMENT OF STEEL 11 By W. M. M 
Forging and Fleat Treating, Vol. 8, Page 114 
Phe nature and constitution of austenite, martensite, troostite and 


are desertbed and. the mbreet of heat treating is outlned The mechanism 





nealing is deseribed 

X-RAY DATA ON MARTENSITE FORMED SPONTANEOUSLY | 
\USTENITE By Kk. ©. Bain, Chewmtcal and Metallurgical) Engineering. \ 
Page 543 


The method of determining grain size by X-ray is given It is show 
coarse gramed austenite breaks up into very fine grained martensite ly 
connection, Ordmary etching methods are shown to be at ‘times misleading 
evidence gained corroborates tthe theory of the fine grained nature of 
tensite 

HEAT TREATING STEEL FOR STRUCTURAL PARTS. By H. ( 
Blast Furnace and Steel Plant, Vol. 10, Page 178. | 

\ very general discussion ts given of the mfluence of carbon on the 
lographie and physical properties of steel, the significance of critical points ai 
nature of the various metallographic constituents encountered in steel. The 
is primarily intended for designers and mechanics. 


PHYSICAL TESTING 


PHYSICAL TESTING LABORATORIES DESCRIBED. By G. FF. Con 
Forging and Heat Treating, Vol. 7, Page 349 

A plan view and briet deseription of the Titanium Alloy Mig. Co.'s labo: 
is given. The laboratory is housed in a long, narrow, well-lighted brick bu: 


SHOP PROBLEMS 


ROLLING TEETH IN HOT GEAR BLANKS. By F. E. Walker, 4» 
Vachinist, Vol. 56, Page 409. 

Practically any type of gear, including herring-bone gears, may be _ prod 
by die rolling. The cost is considerably lower than for cut gears and the te 
strength of the rolled product its appreciably higher. Cuts of the machin 
shown. Eighty to ninety gears may be produced per hour per machine. 

SPECIAL FIXTURES FOR HEAT TREATING. By E. H. Tingley, / 
and Heat Treating, Vol. 8, Page 96. 

Mechanical devices worked out in tthe heat treating department of the | 
Light Co. are described. These appliances are used for holding parts in cyanid 
and in hardening and tempering with a view tto cutting down the operating 
and increasing the uniformity of the product. 

DROP-FORGING PRACTICE. By J. H. Nelson, Journal of the Society 
\utomotive Engimeers, Vol. 10, Page 207. 

Drop-forgings which are from the chemical standpoint the same, may di 
widely in physical properties. This may be due to any of the large number 
variables encountered in their production. Tabular results of chemical anal 
and physical properties of 107 heats of carbon steel are presented. Steels of 
same grade and analyses are not found to respond to heat treatment uniforn 
It is suggested that steel from the same me't be heat treated together and_ t! 
more rigid inspection be instrtuted. 

HEAT TREATING A SEWING MACHINE ROTARY SHUTTLE. By | 
Lowe, Forging and Heat Treating, Vol. 8, Page 119 

The shuttle is a small thin part which it is desired to carbonize only 
spots. Asbestos cement is used to prevent carbonizing where it ts not des! 
The shuttles are carbonized in bone charcoal and are then hardened by quench 
from a cyanide bath. It is desired to temper only tthe point of the shuttle and (| 
is done by means of a fine gas flame 

DISCUSSION OF FORGE FURNACES. By C. Longenecker, Blast Iw 
and Steel Plant, Vol. 10, Page 194. 

Forging furnaces are classified as (1) soaking pits (2) regenerative furna: 
large hearth area (3) non-regenerative furnaces—large hearth area and (4) 
naces of small hearth area. A brief discussion ts given of each type, together 
figures on the heat efficiency of each with varicus fuels. 
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WELDING 
\CTICAL POINTS IN) ARC WELDING 


Vol 50, Page 3 ' 5 


ttention is called to the tact that proper cl 
| to a successful weld Lhe use 
ecting tor expansion di 


aning of tractured surtace ! 
ot a tlux is not recommended Method 


cussed 
ECTRIC WELDING. By A. T. Wall, /» 


CCring 3 age 24] 
use of electri welding 1 ship building has 
tilly appheable in replacing riveted joint 
are given, ‘together with 


building 


considerable possibilitie lt 


Details of ship construction and 
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citations of the present successtul use of weldin 











TRANSACTIONS OF 
SOCIETY FOR STEEL TREATING 





738 AMERICAN 














NEW MEMBERS’ ADDRESSES OF THE AMERICAN SOCIETY ky 
STEEL TREATING 


EXPLANATION OF ABBREVIATIONS. M represents Member; A _ represents Ass 
Member; S represents Sustaining Member; J. represents Junior Member, and Sb represents Subsc: 
Member. The figure following the letter shows the month in which the membership became eft 






ANDERSON, W. A., (M-3), 379-381 Kent St., Sydney, Australia. 
BACKMAN, B. B., (M-4), Autocar Co., Ardmore, Pa. 
BOCEK, Wm., (M-3), 2117 Clifton Ave., Chicago, Ill. 

BOND, F. A., (M-3), Union Arcade, Pittsburgh, Pa. 
BONNING, F. W., (M-1), Cummings Co., Boston, Mass. 
BOSTWICK, H. C., (M-3), 611 Newark Ave., Elizabeth,-N. J. 
BOWES, W. R., (M-1), 109 Union St., Bristol, Conn. 
BROOKS, W. C., (A-4), P. O. Box 447, Worcester, Mass. 
BROWN, J. P., (M-4), 229 N. Wilton St., Philadelphia, Pa. 
BRUNN, FRANK, (M-4), Hoover Steel Bali Co., Ann Arbor, Mich. 
COMSTOCK, G. D., (M-4), 1564 Stravley St., New Britain, Conn. 
CONNERS, J. F., (M-4), Stanley Wks. Steel Mill, New Britain, Conn. 
CRANE, R. W., (A-3), 118 Liberty St., Springfield, Mass. 
CRAWFORD, L. O., (M-1), 1221 W. 8th St., Anderson, Ind. 

DE LAUT, J., (M-4), 604 Gifford St., Syracuse, N. Y. 

DEMING, F. W., (M-4), Box 493, Springfield, Mass. 

DERANEK, J. P., (M-12), 513 N. 64th St., E. St. Louis, II. 

DISSTON, H. & SONS, (S-4), Philadelphia, Pa. 

DIXON, E. O., (M-3), 895 S. Pierce St., Milwaukee, Wis. 

DONMEYER, C. K., (M-4), 10 Kendal Ave., Bellevue, Pa. 

FOX, W. B., (M-4), 5021 Cottage St., Frankford, Philadelphia, Pa. 
GILLETT, U. H., (Jr-4), 1309 Garrison Ave., Rockford, Ill. 
GOODWIN, G. K., (M-4), Wm. Rose & Bros. Sharon Hill, Pa. 
HALKET, Wm., (M-4), 9 Gilman St., Holyoke, Mass. 

HARTMAN, C. B., (A-4), 301 Chamber of Commerce Bldg., Chicago, III. 
HATCH, H. R., (M-4), 2577 Overlook Rd., Cleveland Heights, Ohio. 
JARRETT, B. L., (S-4), Oliver Bldg., Pittsburgh, Pa. 

KIELMAN, J. C., (M-2), 123 Maple St., Bristol, Conn. 

KRATZER, J. F., (M-4), 67 W. Northampton St., Bethlehem, Pa. 
LEWIS, B. F., (M-4), 3450 Eastern Place, Detroit, Mich. 

LUCAS, E. A, (M-3), Molybdenum Corporation of America, Washington, Pa 
MATHEWS, J. H. CO., (S-4), Pittsburgh, Pa., Att: H. R. Wade. 
McCRUM, R. Y., (M-4), Colonial Steel Co., Pittsburgh, Pa. 
McDONNELL, M. E., (M-1), Pennsylvania Railroad, Altoona, Pa. 
MOLES, P. A., (A-4), Allyn House, Hartford, Conn. 

MORRILLON, E. E., (M-12), 202 Miley Ave., Indianapolis, Ind. 
MURDOCK, M. C., (A-3), 14115 Ardendall Ave., E. Cleveland, O. 
OSTERLUND, B., (M-4), 4538 Wayne Ave., Germantown, Philadelphia, Pa. 
PECK, E. C., (M-4), Cleveland Twist Drill Co., Cleveland, Ohio. 

PLATT, T. H., (A-4), 299 Broadway, New York Citv. 

RANDALL, NORMAN, (M-4), Cleveland Twist Drill Co., Cleveland, Ohio. 
RICHARDSON, A. A., (M-4), 274 Farmington Ave., Hartford, Conn. 
ROCKENFIELD, W. A., (M-4), 199 Chandler St., Worcester, Mass. 
SLAUGHTER, E. M., (M-4), 9701 Kirkwood Ave., Cleveland, O. 
SONDERMAN, W. S., (A-4), 1231 W. 9th St., Cleveland, O. 

TODD, W. B., (M-4), 228 Apsley St., Germantown, Philadelphia, Pa. 


UNION SWITCH & SIGNAL CO., (S-4), Swissvale, Pa. Att: A. L. Humphr: 


VERITY, M. T., (M-2), Verity Plow Co., Brantford, Ont., Can. 
WARNER & SWASEY CO., (S-4), 5701 Carnegie Ave.,Cleveland, Ohio. 
WEAVER, H. F., (M-4), Bethlehem Steel Co. Bethlehem, Pa. 


WEITZENKORN, (M-3), Molybdenum Corporation of America, Washington, D. | 


WESTON, W. B., (A-4), 1815 Ford Bldg., Detroit, Mich. 
WILLS, C. H., (M-3), Marvsville, Mich. 
WISE, EDMUND, (M-2), Wadsworth Watch Case Co., Dayton, Ky. 


WOLCOTT, D. S., (A-4), Crucible Steel Co. of Amer., 17 E. 42nd St., New Yo: 


City. 
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CHANGES OF ADDRESS 











‘ETT, R. B.—from 221 Collins St. to 136 Whitman Ave. W. Hartford, Conn. 
IDY, A. G—from 536 Sth Ave. N. St. Petersburg, Fla., to 27 Banks St., 
valtham, Mass. 

‘SON, *. JR.—from the University Club to 1001 Fairfield, Ave., Bridgeport 


: 
R. B. 


MICK, from 510 Fulton Rd. to 1453 15th St., Canton, Ohio 

I. C. E—from 1422 Lunt Ave. to 7620 Sheridan Rd., Chicago, Il. 

OOLY, J. H—from 1769 Seyburn Ave., Detroit, to Tate-Jones & Co., 
ttsburgh. 

,ERT, W. G—from 207 W. Webster Ave. to 208 West Clay Ave., Muske 
Mich. 

PHREYVILLE, L.—from 15420 Huntmere to 14304 Shaw Ave., Cleve 
rc, Ohio. 

le | RR. Fi. G. from 2911 [roquols, Detroit, Lo 1030 Beaconsfield, Ave.. (;rosse 

Pointe Park, Mich. 


HLER, W. W- 


from 3113 Osgood St. to Goodman Mfg. Co., Chicago, Ill 
KEMIER, HENRY—from 1647 Iranistan Ave. to 547 Pequonock St., 
sridgeport. 
NTEE, P. J.—from 3 Freeman Court S. Charleston, to Ridley Park, Pa 
KENZIE, A.—from 1912 Western Ave. to 208 W. 8th St., Manitowoc, Wis 
NLEY, R. S—from 410 Perry Apts., Davenport, la., to 1035 17th St., Rock 
land, IIl. 
NERNEY, W. I.—from 1 Curry St., Charleston, to Pittsburgh Crucible Steel 
Company, Midland, Pa. 
RBLE, W. H.—from 1541 Oliver Bldg. to 619 State Theater Bldg., Pittsburgh 
=&- }—from Pierce Arrow Motor xm Buffalo, to Harrold Motor Car o.. 
New York City. 
VER, W. O.—from 476 W. Marion St. to 308 Kennedy Rd., Toronto, Ont., Can. 
ESTLEY, W. J.—from Quarters B. Armour Park, S. Charleston, to Pitts 
urgh Crucible Steel Co., Midland Whks., Midland, Pa. 
NAM, A. H.—from 410 Perry Apts. to 1710 FE. 12th St., Davenport, Iowa. 
LECK, T. G.—trom 513 Peoples Bk. Bldg. to 302 N. Pine Ave., Chicago, Il. 


lH, S. G—from 123 Sisson Ave. to 230 S. Whitney St., 
DLAKE, P.—from 125 
New York City. 
IITE, W. H.—from 
Washington, D. C. 
1ITE, W. H.—from 192 Chambers St. to 56 Murray St., New 
RTH, C. B—from 501 W. Liberty Ann Arbor, Mich., 
Parts & Mfg. Co., Saginaw, Mich. 


Hartford, Conn. 


Atlantic Wilson-Maeulen Co., 


“t.. Anacostia, D. ¢ to 


Charleston, 


3 Washington St., S. to 


mA Ss Ss. &., 


York City. 
to Wilcox Motor 


St. 


MAIL RETURNED 


C 


STROM, H. C., Dodge, Inc., S. Boston, Mass. 
TER, P. A., 1736 Johnson Street, Philadlephia, Pa. 
EY, N. S., 1417 Ritner Street, Philadelphia, Pa. 
BINSON, H. A., 19 E. 88th Street, New York City 
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News of the Chapters 



























SCHEDULE OF REGULAR MEETING NIGHTS 


SOR the convenience of visiting members, those chapters having regular 
meeting nights are listed below. It is desired that all secretaries 

whose chapters are not included in the list should communicate with the 
National Office in order that the list may be as complete as possible 

Boston—Second Friday, Franklin Union, Corner Berkley and Ap 
ton Sts., Meeting 8:00 P. M. | 

Charleston—First Tuesday, Kanawah Hotel, 8 p. m. 

Chicago—Second Thursday, City Club, dinner 6:30 p. m., meeting 
8 p. m. 

Hartford—Thursday nearest 10th of month, Jewell Hall, Y. M. ¢ 
7:45 p. m. 

New York—Third Wednesday, Merchants Association of New Yorl 
Woolworth Building. 

Philadelphia—Last Friday, Engineers Club. 

Pittsburgh—First ‘Luesday, Chatham Hotel, dinner 6:30 p. 
meeting 8 p. m. 

Rockford—Second Monday, Nelson Hotel. 

Rochester—Second Wednesday. 

Schenectady—Third Tuesday, Civil Engineering Bldg., Union College 

Tri City—First Thursday following first Monday. 

Washington—Second Friday. 


HOW HIGH DOES YOUR CHAPTER STAND? 


N THE April issue was published the standing of the chapters as 
March 1 and printed bélow is the standing as of April 1. 


1. Chicago ll. Lehigh Valley 21. Providence 
2. Detroit 12. Mulwaukee 22. Schenectady 
3. Philadelphia 13. North West 23. *New Haven 
4. PITTSBURGH 14. WORCESTER 24. *Washington 
5. Cleveland 15. tRockford 25. Buffalo 
6. New York 16. Cincinnati 26. Toronto 
7. *Indianapolis 17.**Tri City 27. South Bend 
8. *Hartford 18.** St. Louts 28. Rochester 
9. Syracuse 19. Charleston 29. Bridgeport 
10. Boston 20. Springfield 30. Gary 

* tied 7 tied * tied 

** tied 


The following explanations will be of assistance. The chapters shown 
in capitals have advanced their position from that occupied on March | 
Those shown in italics are not occupying as high a position as in th 
previous report. 

It is interesting to note that Pittsburgh increased its position 
that of Cleveland, due to its increased activities in securing sustaining 
members. Pittsburgh is not satisfied with the position it occupies at th 
present, and special activity is under way to continue the advancing 
movement. 





T 
April 
the cl 
The ( 
steel 
1 
who 
metal 
Bosto 
this r 
It is | 


cours 


TRANSACTIONS Ol] 


AMERICAN SOCIETY FOR STEEL TREATING 


+. 


etroit and Chicago are in an intensive campaign for first position 
it has been anxious to secure the place occupied by Chicago since 
roanization of the Society and 


s 


las excellent prospects of accom 
ng its desire. 
fartford increased its membership during the month to a_ point 
it is tied with Indianapols for seventh place. It is possible that 
port to be published in the next issue of the TRANSACTIONS will show 
nge in the relative ) sitrons occupied bv these chapters. 
\Vorcester made a most commendable progress during the month 
g advanced from 20th positton to that of 14th, which of course 
ed the six chapters passed to lose 
rinted in italics. 
Cincinnati is ‘tied with Rockford for 15th place, while St. Louis is 
with the Tri City for 17th and Washington is tied with New Haven 
23rd. 
\ll of the members of all of the chapters should realize that they play 
mportant part in the standing of their chapter and they should not 
ce upon the Membership Committee the responsibility of advancing 
hapter’s position. The Society would be a decided asset and benefit 
many individuals who are probably in the same plant 


a position and consequently to 


with you or 
are within your circle of acquaintanceship. All that you would need 
do in order to secure their membership would be to present the So 
iety to them in the proper manner. Your co-operation is necessary. Can 


hey prove it by you that your chapter is asleep? 


BOSTON CHAPTER 


The regular monthly meeting of the chapter was held Friday evening, 
April 14, at 8 o'clock. The announcement of this meeting promised that 
the chapter would declare dividends at this meeting and it surely did. 
The dividends were in the form of valuable information and methods of 
steel inspectioin without the use of complex apparatus. 

This information was very capably presented by V. O. Homerberg 
who has recently conducted a very successful course of instruction ina 
metallography, given at the Franklin Union under the auspices of the 
Boston Chapter. Those who were fortunate enough-to be able to attend 
this meeting surely did go away with their share of the chapters melon. 
lt is the plan of the chapter that Mr. Homerberg will again conduct this 
course in metallography which is planned to start next fall. 


DETROIT CHAPTER 


A most interesting meeting was held in Detroit, April 10, at the 
Board of Commerce. About 100 were out to greet National President F. 
P. Gilligan, who was the guest and speaker of the evening. His talk on 
“What Happens to Steel When It Is Heated and Quenched”, well re- 
paid all who came out to hear it. 

One of the features of the meeting was the presentation to W. C. 
Peterson, by President Gilligan, of a medal which was given as a token 
of appreciation for the faithful work he had done on behalf of the Society. 
For once the Detroit boys saw “Pete” at a loss to know what to say. In 


tact it so affected our old friend that it was not until after President Gil 
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ligan had finished his main talk could “Pete” find himself, as he did, 
thanked the Society in a most sincere and characteristic manner. 

J. Fletcher Harper was present and gave a few words about 
progress of the National Membership Committee work of which | 
chairman. H. G. Giessinger on the evening of April 24 presented a 
interesting paper entitled “Temperature Control”. Mr. Giessinger is 
expert along this line. His paper was well presented and aroused , 
siderable discussion afterward. 


PITTSBURGH CHAPTER 


A joint meeting of the Pittsburgh Chapter and the Engineers’ 
ciety of Western Pennsylvania was held in the blue room, William P 
Hotel, Tuesday, April 18. The meeting opened promptly at 8 o’c! 
and was addressed by E. F. Collins, consulting engineer, industrial h. 
ing department, General [Electric Co., who presented a paper entiti: 
“Some Applications of Electricity to the Reheating of Steels”. 1 
paper contained some very valuable information and discussion on ni 
tallic and nonmetallic resistor furnaces. .This paper was a highly te 
nical paper and brought out many points of information which were valu 
able for both engineers and heat treaters. 

Mr. Collins discussed advantageous applications of the electric fu 
nace and showed how it could be used in many industrial processes 
wherein steels had to be reheated either for japanning, sherardizing, en 
ameling, or carburizing and hardening. The meeting was very well at 
tended and proved to be highly interesting to all those who were fortu 
nate enough in attending. 


CLEVELAND CHAPTER 


The Cleveland Chapter held its regular monthly meeting in the I: 
gineering Society rooms of the Hotel Winton, Friday evening, April 28 
The paper for this meeting was presented by H. A. Schwartz, director of 
research, National Malleable Castings Co., Cleveland. It was entitled 
“Some Laboratory Work-on Malleable Cast Iron”, and was well illus 
trated with stereopticon slides. Mr. Schwartz made this a practical talk 
from the engineers’ standpoint. The meeting was well attended and many 
interesting points of discussion were brought out. The Nominating Com 
mittee made a report on its selection of candidates for election to offic: 
for the ensuing year. The meeting was attended by about 100 members 
and guests. 
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ROCHESTER CHAPTER 


The April meeting of the Rochester Chapter was held in the Roches 
ter Engineering Society Club rooms Wednesday evening, April 12. Pres: 
dent F. P. Gilligan was the guest of honor and speaker for the meeting 
He presented his paper entitled “What Happens to a Piece of Steel When 
It Is Heated and Quenched”. This’ paper was presented in the abl 
manner in which President Gilligan always delivers his lectures and wa: 
of great interest to the members and guests present. The discussion fo! 
lowing this paper was especially valuable and interesting. 


NEW HAVEN CHAPTER 


Thursday evening, April 20, the New Haven Chapter held its month 
ly meeting at the Geometric Tool Co., Westville, Conn. The program fo 
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meeting consisted of four reels of motion pictures entitled “The Man- 
ture of Steel for Sheets and Plates”. This picture was taken at the 
t of the American Sheet & Tin Plate Co., and showed the entire work- 
of the product from the ore to the finished plate. These pictures 

obtained through the courtesy of the Bureau of Mines. The meet- 
was well attended and proved to be very profitable to all who were 
ent. 














SYRACUSE CHAPTER 


The April meeting of the Syr: acuse a was held in the Yates 

tel banquet room, Friday, April 7 at 7:45 p. m. W. R. Shimer, sales 

tallurgist, Bethlehem Steel Co., natty sedi reels of motion pic- 
tures Of Bethlehem operations. The pictures were very interesting and 

ught forth numerous questions and discussions. The meeting was 
well attended by about 125 members and guests. 















SCHENECTADY CHAPTER 


The Schenectady Chapter held a meeting in the Civil Engineering 
building, Union College, March 21. G. R. Brophy, metallurgist, General 
Electric Co., gave a talk on “Metallography”. The lecture was given in 
as plain language as was possible and was intended especially for the 
instruction of the practical men. 

The April meeting of the Chapter was held in the Civil Engineering 
building, Union College, Tuesday, April 18, at 8 o’clock. This meeting 
was addressed by H. J. Stagg, assistant general manager of the Hal- 
comb Steel Co., Syracuse, N. Y., who presented a paper entitled “Why 
Did It Break?” This paper was well illustrated with stereopticon slides. 
Mr. Stagg’s broad experience is metallurgy and the manufacture of steel 
especially fits him in diagnosing the cause and remedies of many of the 
failures of steel parts which he showed on the screen. Many questions 
were asked which brought forth much valuable discussion which was of 
benefit to all present. 















NORTH WEST CHAPTER 


















North West Chapter had its regular meeting at the Manufacturer’s 
Club on Friday, April 14 when a very interesting program was given, on 
the subject of “Forgings”. The speakers were all recognized authorities 
n the subject and contributed to an interesting meeting. 

George L. Whelan, of the Whelan Drop Forge Co., Minneapolis, was 
the first speaker and explained in an entertaining manner the method of 
making a complicated small forging used as a substitute for the hand. 
Mr. Whelan’s broad experience with the drop forging industry, having 
been formerly with the Cleveland Hardware Co., especially qualified him 
to answer the many questions as to the relative efficiency of different 
types of hammers. 

The second speaker was F. G. Lilygreen of the American Hoist and 
Derrick Co., St. Paul, who gave a description of the forging plant of that 

mpany and the general class of work it had ‘to do as well as the various 
methods by which it was accomplished. 

The third speaker was Melvin Ovestrud of the Twin City Forge & 
Foundry Co., Stillwater, who gave an interesting exposition of the vari- 
IS processes to produce a finished forging. Mr. Ovestrud is an authority 
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on forging practice and his talk proved valuable, illustrated as it wa 
large photographs of the installation at his plant and samples of « 
plicated forgings. 

National Secretary, W. H. Eisenman was present and talked ¢ 
members upon the work of the Society and expressed his gratificatio 
the excellent manner in which the chapter had been conducted and 
fine spirit of co-operation shown by all of the members. 




























SOUTH BEND CHAPTER IOr 
The South Bend Chapter had an exceptionally fine meeting on 1] 
day, April 11, when O. T. Muehlemeyer of the Barber-Colman Co., 
Rockford, Ill., presented an interesting paper on the subject of “Harden 
ing Room Practice’. Mr. Muehlemeyer’s excellent elucidation of th, ee 
| many difficulties involved and the best method of overcoming them, iGO! 
i pleasingly received. A keen and practical discussion followed the pre 4 
sentation of the paper. 2 
| LEHIGH VALLEY CHAPTER a 
John E. Halbing, assistant superintendent of heat treating, Ingersoll ISO 
\ Rand Co. and chairman of the Lehigh Valley Chapter, presented an in- 
teresting paper Monday evening, April 24, entitled the “Hump Method © 
, of Heat Treating”. Mr. Halbing is an expert in heat treating and handled e 
his subject in a capable and interesting manner. His talk aroused n 
siderable interest and brought forth a good lively discussion. 140% 
In the April issue of the TRANSACTIONS it was announced that B. | 
Shepherd, assistant superintendent of heat treating, Ingersoll-Rand Co., 2 
presented a paper before the Lehigh Valley Chapter, March 24, entitle 70 
“Carburizing”. This paper proved to be of much interest to those who 
heard it, due to the fact that much of the material presented was entirely 
original. One of the many interesting phases of the subject as presente d l30 
by Mr. Shepherd is shown in the [ron-Carbon diagram which is reproduced 
on the opposite page. This diagram portrays the effect of carburizing on 
the microstructure of steel in a very unique manner. 
CINCINNATI CHAPTER 
The regular monthly meeting of the Cincinnati Chapter was held ee 
April 20 at 8 o’clock in the Ohio Mechanics Institute. J. V. Emmons, 
National Treasurer and metallurgist of the Cleveland Twist Drill Co., Berar 
Cleveland, presented a very interesting talk on “Tool Hardening Prob 
lems” illustrated with stereopticon slides. Mr. Emmons handled his sub- 
ject capably and aroused considerable interest as evidenced by the en 
thusiastic discussions which followed his paper. The report of the Nom 
inating Committee’s selection of names of candidates for office for thi 
ensuing year was made. Balloting on these names will take place at the 
May meeting. 
CHICAGO CHAPTER 
The Chicago Chapter held its regular April meeting on Thursday, memt 
April 13 at the City Club when Prof. H. F. Moore presented a paper on the p: 
“Fatigue of Metals Under Repeated Stress”. About 125 were present at — 
the meeting and enjoyed Prof. Moore’s presentation of the interesting 
subject. | 
National Secretary, W. H. Eisenman was present and spoke to t » 
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lron-Carbon Diagram Portraying Effect of Carburizing on Microstructure of Steel 









nembership with reference to the progress the Society had made during 
past year as well as about the advance preparations for the Detroit 
Convention. 


ST. LOUIS CHAPTER 


St. Louis held its regular meeting on Friday, April 7 when O. TU. 
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Muehlemeyer, metallurgist, Barber-Colman Co., Rockford, IIl., press 
a paper on “Hardening Room Practice”. Mr. Muchlemey er presen: 
very interesting and practical paper dealing with the ideal meth 
which the day’s work of tools should be handled in the hardening 
The paper contained a great deal of practical information and aroy 
large amount of favorable comment and discussion. W. H. Fise, 
National Secretary, was present at the meeting and spoke to the 
bers on matters pertaining to the Society. 


INDIANAPOLIS CHAPTER 


The April meeting of the Indianapolis Chapter was held Mondaq 
evening April 3 in the auditorium of the Emmerich Manual Training || joj, 
School. The program for the meeting was four reels of motion pi 

of processes at the National Tube Co. plants and two reels of fil; 
the Illinois Steel Co., triplex process. Needless to say these pictures 
very instructive and interesting. Following their exhibition, ques 
and discussions were in order. Many interesting points were cover 


RHODE ISLAND CHAPTER 


The April meeting of the Rhode Island Chapter was addressed 
George P. Moore, of the Wallace Barnes Co., Bristol, Conn., Wedne: 

April 5. The subject of Mr. Moore’s paper was the “Manufacture 6 
Springs and Their Heat Treatment,” which included the characteristics 
of overworked and overstrained metal. Numerous samples showing these 
features were displayed by the speaker. The meeting proved to be ex 
ceedingly interesting and profitable to all. 


SPRINGFIELD CHAPTER 


The April meeting of the chapter was held Friday, April 21, at whic! 
time Mr. De Long of the Carpenter Steel Co. gave an illustrated talk on 
the manufacture of steel. As this subject always brings forth many points 
of interest and discussion, Mr. De Long’s paper brought forth its share 
ora the paper an re discussion was 5 held on the relative merits 
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HARTFORD CHAPTER 

The April meeting of the Hartford chapter was addressed by Dr 
John A. Mathews, president of the Crucible Steel Co. of America. [is 
subject was “Iron in Antiquity and Today”, and consisted of a complete 
and interesting history of the development and use of iron and steel from 
prehistoric ages up to the present time. The talk was illustrated by slides 
taken from ancient books, showing the methods and devices for fabri 
cating steel in the olden days. The audience numbered 110, of which 
about half were members. 

Before the meeting, an impromptu dinner was held at the Hotel 
Bond, at which were present representative executives from the different 
industries of Hartford and Bristol, who had been invited to meet Dr 
Mathews in this way, also the members of the Gauge Steel Committ 
who had met with him and Chairman Blood in the afternoon. 

Plans for increasing the membership of the chapter were discussed 
at the meeting, and a standards committee and a nominating commitiee 
appointed. The question of relative excellence of acid and basic 
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steel was brought up and discussed. Mr. Blackman, of Colt’s 
Firearms Mfg. Co., also asked for the experience of others in pro- 
tic. a file hardness in a 0.45 carbon, 3.50 nickel, 1.50 per cent chrome 
te It appeared the generzl opinion that file hardness could not be 
btn ued in a steel of this type, unless case hardening was resorted to. 
[his treatment was not favored by those present. 
he spring inspection meeting was held Saturday, April 29. A com- 
‘eport of this meeting will appear in the June issue of the TRANSAC- 


aT¢ 


TRI CITY CHAPTER 












Tri City Chapter of the society held its regular monthly meet- 
no March 29 in the rooms of the Davenport Chamber of Commerce. 
\. H. Putnam, chairman appointed the members of the nominating com- 
mittee for the nomination of candidates for the ensuing year. 


Prof. John F. Keller of the Lewis Institute presented a talk on “Why 


Steel Warps’, going into details on both the heating and cooling of 
steels He gave a practical demonstration of the decalescent and recal- 
escent point with an electrically-heated wire. This paper was followed 
by a discussion of practical heat treating problems after which Prof. 


Keller was given a rising vote of thanks. 

Che Tri City chapter held its April meeting, Thursday the 27th. C. W. 
Veach, superintendent of the open-hearth furnaces of the Bettendorf Steel 
Car Co., presented a very interesting paper entitled “Reactions in the Open 
Hearth Furnace.” This paper proved to be exceedingly interesting and was 
followed by a large amount of good discussion. The meeting was preceded 
by a get together dinner which was served at 7 p. 


NEW YORK CHAPTER 


(he New York chapter regular April meeting was held in the assembly 
room of the Merchants Association of New York, 9th floor of the Wool- 
worth Building, Tuesday, April 25. Through a joint arrangement with other 
eastern chapters of the Society, Prof. H. F. Moore of the Engineering Ex- 
perimental Station of the Univer ‘sity of Illinois was secured as the speaker 
, f the evening and presented his paper entitled the “Fatigue of Metals.” Pro- 
fessor Moore has specialized extensively in the study of fatigue resisting 
values of various steels and his paper proved to be of great interest to all 
evidenced by the discussion which followed his paper. 
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Reviews of Recent Patents 


Arthur E. Bellis, Springfield, Mass., recommends that metal be heated jin 
bath prior to forging, rolling or other hot work. Accurate temperature cont; \ 
possible, and when withdrawn the metal is covered with a thin film of salt y i % 
prevents surface oxidation and helps to avoid uneven chilling by variable aj; 
rents In this manner scaling is reduced to a great extent and trouble and 
consequent to oxidation are avoided. (1,399,044. Dee. 6, 1921.) 


CX] 


1,404,438. Heat insulating and resisting maternal. Edgar T. Holmberg. ( 
land, Ohio, assignor to The James H. Herron Co., Cleveland, Ohio. 


A heat insulating and resisting material of about 30 per cent of magnesia 
70 per cent of an infusorial siliceous earth with a saturated solution of magn 
chloride. 


1,402,722. Apparatus for the heat treatment of metals. Lyman C. Josep! 
Allentown, Pa., and Gottfried Wirrer, Plainfield, N. J., assignors to Inter: 
Motor Company, New York, N. \ 


In an apparatus for the heat treatment of metal, the combination of 1 
effect a change in the heat treatment and devices subject to a reduction in 
of expansion of the metal under treatment whereby the actuation of said 
initiated. . 


1.401.983. Method of heat treatment and furnace theretor, Axel Gustaf EF: 
Hultgren, Gottenborg, Sweden, assignor to Aktiebolaget Svenska Kullagerfabrik 
Gottenborg, Sweden. 


The method of heat treatment of symmetrical circular objects constitutins 

of revolution, which consists in passing them in a continuous succession throu 
long chamber in which they are directly exposed, the bottom of which chamber 
such inclination that the objects advance with a rolling traction on the bottom 
sliding against one another at their points of tangential contact, simultaneously hi 
ing such chamber, and controlling the progress of the objects through the cham} 
at such rate with reference to their mass and to the temperature and length of th 
chamber as to subject each of the successive objects during its rolling prog: on 


to the prescribed heat treatment. | i 
tor 
‘ 


1.403.313. Combination doub!le-muffle preheating and heat treating tur: 
James A. Gaskill, Cleveland, O. 

A heat treating furnace comprising a combustion chamber, a cover having a 
central opening, an annular air compression chamber, a tangentially placed inlet pip: 
for air at the base of said air chamber, tangential fuel burner, nozzles discharging 1 


said combustion chamber, a mixing chamber for fuel and air communicating with 


each burner nozzle, air passages leading from air chamber and communicating with 
mixing chambers and a muffle horizontally supported in combustion chamber, muttl 
extending through the walls of combustion chamber and air chamber, and a doo 


in the outer wall of air chamber giving access to muffle 
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Commercial Items of Interest 


\ IINING engineer and a metallurgist are to be selected by the Bureau of 
| lines and by the Bureau of Standards in the near future to make an in 

study as to present practice in the heat treatment of drill steels and 
xtent to which breakage occurs. hese engineers are to make a 
more exhaustive survey than ever has been attempted before. They 
ubmit a report to the advisory board which is co-operating with the 
us in the study of rock drill steels and other steels which must withstand 
{ stresses. The advisory committee is composed of B. F. Tilson, Hl. S. 
ird, J. A. Mathews, George H. Clark, Hl. M. Boylston, Van H. Man 
I’. \W. Deonton, Walcott Remington and Bradley Stoughton. The survey 
to be undertaken is under the immediate supervision of D. A. Lyon, 
f metallurgist of the Bureau of Mines, and G. K. Burgess, of the Bureau 
tandards. 


A \ electrically operated blast, intended for heat treating and other furnaces 
‘* has been placed on the market by the Clements Mfg. Co., 601 Fulton 
Chicago.’ Among the advantages claimed are that as the blast 1s 
rated from an electric light socket, it may be used while the rest of 
plant is shut down. It is designed to draw a suflicient quantity of gas 
the mains to develop heating effects without variation. A feature 
phasized by the makers is the saving from the speed at which the furnace 
ought up to the desired temperature, it being said that the furnace may be 
tight up to 1600 degrees Fahr. in a few minutes. 


—$—$—$—$—$—$<$$_$$ rE 


(he blast is driven by a 1/6-horsepower universal motor and is designed 
to be able to deliver 210 cubic feet of air per minute at the normal operat 


peed of motor. A damper for regulating the mixture of air and gas ha 
incorporated. The operation is similar to that of a carburetor on an 
tomobile. The mixture should be rich at first and continue so until the 


nace is warmed up, the damper being opened gradually to admit air. 


| Che Chicago branch of the Driver-Harris Co., manufacturers of 
me hrome heat treating containers, has taken enlarged quarters and will 
st | cated in them after May 1. These new quarters are at 562-574 West 
ndolph street. 
| 
! 


with 


mutt 


1 door 


\ series of tests was completed recently by the Bureau of Standards, 
shington, on samples of electric and open-hearth heats of silicoman- 
ese spring steels carrying equal proportions of carbon, manganese, 
phorus, sulphur and silicon. The tests included microscopic exam 
tion, tensile strength, and determination of proportions of certain gases 
sent, particularly nitrogen and hydrogen. In general, the microstruc 
of the electric steel was somewhat different from that observed in 
open-hearth when both steels were subjected to the same heat. treat 


» 


(Continued on Page 34) 
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KEMPLOYMENT SERVICE BUREAU 


The employment service bureau is for all members of the Society. If vou wi 
a position, your want ad will be printed at a charge of 50c each insertion in tw 
issues of the Transactions. 


[his service is also for employers, whether you are members of the Society o 
not. If you will notify this department of the position you have open, your 


will be published at 50c per insertion in two issues of the Transactions. 
accompany copy. 


al 







Kee must 
Important Notice. 

In addressing answers to advertisements on these pages, a stamped envelop 
containing your letter should be sent to AMERICAN SOCIETY FOR STEF] 
PREATING, 4600 Prospect Ave., Cleveland, O. It will be forwarded to the prope: 
destination, It is necessary that letters should contain stamps for forw arding. 















POSITION WANTED ASSISTANT METALLURGIST—4!5 \ 
METALLURGIST or SUPT. HEAT TREATING a; ot Armotes, € years leborater 







rec! 5 : { : 1 i shell factory Ix perience included 
— — ' ind maintenance pyrometers, researcl 
} 
n ‘ linations and crophotography 
s | \ i 


surements nd irburizing 










7 : sh ) . ' P I sre de ail S1LS0.00 mont 
Age. AGS i preferred Rhode Island, Massachusetts. or ( 
Address 5-15 


ont oni Boon t ene ee METALLURGIST AND ENGINEER —| 









chars 7 7 oat i 1) vec: f metallurer nh pure hasing pt rducti nn, layout forge 
peratior S \ { Iuatr , ts. B treating, laboratory and research work. ( 
“mer ‘ ; a ‘ | rat taking entire charge of malleable, gray 

. . ement e ane bib ie »} r steel foundry Desires employ me 





1 cat } s } ; ‘ eral ve firm Address 5-41 
















RNACE DESIGNER and BUILDER 
ge furnaces or to take charge ot fu ce 
SUPERVISOR HEAT TREATING, ( Met et a ae 


1d repairs in st | treating department rf 






ll TR . M ta . “h — At M tor facturing plant \ number ot years exper 

icK 4 mpany | , ' x} nh I ' ' u ne, building and perating turnaces ot ill 

U.S. St Corporation, | ». Government Engi isse {f work including mechanical and 

rt Vi t & Met irgist ' iT) kpc ! uC I heat-treating, carbonizing, and 
| 


ible i is I t I te \ ) \ Will h 
Ing to make part of compensation det 
an Mart ed tert =o I ! , \W ibthity to mprove quality of work ind 
les 1S OO OO ¢ , \; ‘ +? 7 fantal Addre 





rapt 


FOREMAN OR INSTRUCTOR Nine years t CHEMIS'1 Metallurgist metallogt 






forge \ » % gre Lorne University lour yea teste I eat treater 12 years exper 
foreman to t! id stee! treatef of large ship-build Government metallurgist Now an ex 
ne corporat Vt ighly experienced it i ia irg motor truck ¢ smpany Also malleab! 
rf steel Wag sonable, Location preferred, O1 teel foundry experience Can organize and 
Massachusetts, New Y «, Pennsylvania, and ( met No location preferred Address 5-10 
ne ) ’ ) 


HEMIST OR ASSISTANT ‘TO CHIEF M 


( 
ENGINEERING or PRODUCTION WORK Lech LURGISI lex cally trained Pract 






cal Graduate ye $ att itmer! tT armor plate need in chemical and physical analysi 
guns, et > years charge heat treatment auto part general heat treating, foundry control, shoj 
> years charge commercial heat treating h Pp \t methods Able to investigate trouble and ha 
present emy] loved as equipment iles igent Desire Michigan ot adj icent territory preferred \ 










rOOL HARDENER OR FOREMAN 


tlort in tool forgi 
' 
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ng and tool hardening wit! 











SALESMAN ( ' a a ‘ > rh speed stee experienc e. Can offer efficie 
. racua supervision Mxceptionally suck 
aoe ars che! + years cl nist ' & lating scrap iixcellent references Locat 
: t ’ Tins} tor sper . a rial, wages desired $50.00 per week Addi 





' eee SALES ENGINEER-—Thorough metallurs 
\ddres +1) ind expel enced salesmatr \t present « | 
"ae iesires Change Wide ac puaintance New Y 
? x ( | land ind Canada Basic knowleds 

TALL RG! I l ; hee 38 ee 






















MI 





rALLURGIST Fight years experie: 


L DAREHAS + , ea mse 48 many 4 earch, metallography, heat treatment, comp! 
00 ' ' on 
On ess Ia 1OCe service work; High speed, tool steel and cas 
prefe } Salar les 1 SHVUV. | ‘ Add work Address 3-30 





CHEMIST OR HEAT TREATER I cal ad CHEMIST OR HEAT TREATER Pechnica 
late Experience in smical and physical test late ixperience in chemical and physical t 
"at treating of stecis, plat m metals and rare earths heat treating of stee!s, platinum metals and rare « 
Best of references. R ynable sali “8s Best of references. Reasonable salary. Addr 
























tMETALLURGIS1 | UPERVISOR HEAI rREATING—O 
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' ence Rest f rey s ‘ t Add { 
| f locat Address 4 
COMMERCIAL HEAT TREATING PLANT—A 
rREATING DEPARTMENT —Teehi aia ere ee ile te 
Hardening ym automobile nr | ' ne mat ; +t. ; , i . . f 3 
mn aluminum castings Die Superintendent . | i hit le asar\ 'P 
irgist for steel tool company. Salary $180.00 al 14 1) 
cation preferred Address t-10 , Addre : 
ADVERTISING SOLICITOR —A 
MAN HEAT TREATMENT—I16 Years licat ced steel in tos 
1 armor pl ite gun forgings and all kinds of S| it 
eines and « stings; carburi ng, research, test yu ‘ N \ ' { I ted 
imental work including de gh operatior t rit | 
1 n of all types of heat treat gy turnace ¢ Ss Add t-60 
Married. Address 3-5 
STEEL SALESMAN—To cover Northern Ohio. Must 
EXPERT—Heat treatment, metallurgy, A bave had sellingexy 2and thoroughly familiar witl 
hemistry and iron and steel manufacture aan of A al carbon ¢ steels An excellent oper 
aboratory experience Desire positlior uM 1O e ewnoe an prod Its Add 10 
iction department Can make good Present 
$3000.00) Ordnance man, Navy Department \ t 
sider $2000.00) as a start if there are good f Cle, | thie \\ 
Address 3-10 
Steel Treaters should know that other alloys beside Steel 
will respond to heat treatment. Some day you may be 
| called upon to heat treat light aluminum alloys. 
o 
Will you know how? 
\l 










A rod of steel 4 miles long would pull itself in two from its 
own weight. One of the new alloys is ‘‘/4 Miles Strong’’! 


Chemical & Metallurgical Engineering is now publishing a 
notable series of articles on the New Aluminum Alloys, de 
veloped in England during the war for use in aircraft 






Why not subscribe now for two years and 


save money? Just send in your name. 












Chemical & Metallurgical Engineering 
10th Ave. at 36th St. New York City 
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ment. It is more or less generally recognized that steels of the same 
position, in so far as the elements used are concerned, require variat; 
in heat treatment to produce similar properties. This applies to comp 
sons between heats made by the same type of process and steels 
duced by different processes. 

Under certain thermal treatments, distinct differences in tensile pr 
erties were observed, but these were obliterated largely by a prelimina 
normalizing quench from a high temperature. It was found that { | 


proportion of oxygen present in these steels was practically the sam. 


about 0.028 per cent, and independent of the heat treatment applied. ‘| | 
nitrogen in the original rolled samples of electric steel was appro» 

mately twice that of the open-hearth and independent of the heat tre: 
ment. In the case of the electric steel, however, the proportions of nitr 

gen were dependent upon the heat treatment. 

W. P. Paul has been appointed eastern district representative oi 
General Drop Forge Co., Inc., Buffalo. He will have charge of the com 
pany's offices in the Woolworth building, New York, and in the Drex: 
building, Philadelphia. 

In response to a request for information as to the proper iron anal) 
for withstanding the frequent alternate heating and cooling to which «dv: 
mestic heating furnaces are subjected, the Jron Age reports that Y. A. Dy 

sirmingham, Ala., has sugyvested the following: 

Percentage of Heavy Medium Light 

NO 5:0 dione ahah Quits acerca 1.75 2.00 2.25 | 

SD) Gk wees Wels act new Ae 0.08 0.06 0.06 

oe 0.30 0.40 0.50 

NE dls nd én cite § @ 40 0.90 0.70 0.60 | 

Total Carbon 3.30 3.40 3.45 
| 

Bradley Stoughton, formerly secretary of the American Institut 
Mining and Metallurgical Engineers, was elected president of the Yal | 
Engineering Association at the annual meeting of the organization 
Feb. 2. | 

C. R. Sabin has been appointed manager of the Cleveland Engineering 
Society, Cleveland, to fill the vacancy caused by the resignation of George > 
Black. Since his graduation from the department of civil engineers of tli 
University of Michigan in 1918, Mr. Sabin has been engaged in civil eng 
neering and construction work. | 

A pronounced feeling exists in engineering circles in Washington that the 
proposed Engineering Congress to be held in connection with the Philadelphia 
Sesquicentennial should be promoted in a national and international way, and 
that this can be done best by the Federated American Engineering Societies 
Local promotion of the congress would be handicapped, it is believed, by the 
assumption that Philadelphia engineers naturally would be inclined by the 
incidental benefits to their city to represent such a gathering as certain to be 


a momentous occasion. If the arrangements were handled by the nationa 
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At Last 


: Two Volumes on.Heat Treating 








There has been an in 
sistent demand for the 
ig bound Journals of the 
American Steel Treaters 





Society. So here they 
are! Handsomely bound 
in Buckram, size 6 x Y, 
and containing a world 
of valuable information. 


All subjects pertaining 





ye to the Science of Heat 
‘Treatment have received 
careful attention from 
| capable authors. 
| You need the books 
| tor Reference and Study 
i | and now 1s your oppor- 
Ya | tunity. 
1} 
| Send for list of subjects 
pring Sins He 6in these volumes. 
h Price per Volume $7.50 
| You may order both volumes or only one as you may 
| wish- 
ie | SEND ORDER TO 
‘Iphia : 
and AMERICAN SOCIETY FOR STEEL TREATING 
eties 4600 PROSPECT AVE. 
y “9 CLEVELAND, OHIO 
the 







Book Dept. 
to be 
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machinery, which the organizations im many branches of engmeerimng ha 
up, it is believed a different impression will be created. 

\t a recent meeting of the Philadelphia section of the American Chi 
Society, a national meeting of the society in Philadelphia during the Ss 
centennial Exposition in 1926 was urged. 


Ihe names of the following, who are proposed for membership i 
Iron and Steel Institute, appear in the voting list for the annual meetii 
london, May 4 and 5: Reynolds C: Baldwin, Stanley Rule & Level 
New Britain, Conn.; Louis J. Campbell, [Electric Alloy Steel Co., Youngst 
().; Henry J. Freyn, 645 People’s Gas Building, Chicago; Marcus A. (i) 
man, Electric Alloy Steel Co., Charleroi, Pa.; we Fletcher Harper, 291 ‘Thi 
third Street, Milwaukee; Russell C. Heaslett, Wheeling Mold & Foundry 
Wheeling W. Va.; Herman A. Holz, 17 Madison Avenue, New York: |) 
’. tlopkins, United Cast lron Pipe & Foundry Co., Philadelphia; Ra 
Seymour Poster, United Alloy Steel Corp., Canton, ().: Oscar Lee Prin 
Pittsburgh Crucible Steel Co., Midland, Pa. 





















thomas Towne, formerly vice pfesident and general manager of the 
eral Tool & Alloy Steel Corp., 66 Rutledge Street, Brooklyn, has “been 

ceeded by V. Hl. Todd as general manager and Edward Munson as vice pri 
dent, 


Lik 



























_ The Ithaca, N. Y., office of the Bureau of Mines is continuing the stud) 
ot special series of molybdenum and cerium steels. Endurance tests with sp 
cial regard to the effects of inclusions on endurance have recently been madd 
Che final report on cerium has been made by Dr. H. W. Gillett to the Welsbac! 
Co., which is the chief cerium producer and which co-operated in this work 
. being interested in finding new applications for this metal. | 
\ new shape of test bar has been adopted which seems bettéf suited 
endurance testing, and over 200 test bars were prepared and sent out fo 
machining. Metallographic study of inclusions and other causes of fatigu 
failure has been continued on bars prepared by the Bureau of Mines, and 
on some obtained from the University of Illinois and the United States N: 
Experiment Station. 


William J. Priestley, formerly steel superintendent naval ordnance plant 
South Charleston, W. Va., has been appointed works manager, Pittsburg! 
Crucible Steel Co., Midland, Pa., succeeding H. P. Barnard, resigned, 
has assumed his new duties. Prior to going to the naval ordnance plant 
Mr. Priestley was a division superintendent at the Lehigh plant of the Bethl 
hem Steel Co. He was graduated from Lehigh University, class of 190% 


lectric heat treating is far from a novelty at the plant of the National 
Malleable Castings Co. In 1922 the same furnaces will be i continuou 
operation which have been in constant service since 1914—perhaps the old 
installation of electric furnaces for this purpose in the country, and certain! 
the greatest installation in point of tonnages handled, according to Forgin 
and Heat Treating.. Each unit consists of a set of two furnaces. Rated 
at 900-kilowatts in electrical capacity, they have a tonnage capacity-of three 
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CRUCIBLE ——— ELECTRIC 


High Speed Steel 
Magnet Steels 


Chrome Ball and Bearing Steels 
Carbon and Alloy Tool Steels 
Special Steels 


O know that the steel ordered today will duplicate in every 
respect that which gave unusual efficiency six months ago, 
is a satisfaction to the consumer made possible only by years 
of experience in making QUALITY Steels UNIFORM at all 


times. 


IMONDS STEEL in your hardening room allows you fixed 
temperatures in heat treating and eliminates those costly 
‘trouble days’. 


We Develop Steels Required 
For Particular Hard Usage 


Bars Sheets Billets 


SIMONDS MANUFACTURING CO. 
STEEL MILLS 


LOCKPORT, N. Y. 


Edgar T. Ward Sons Co., Distributors* 
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tons of draw bar knuckles per hour. There are two of these sets at present 
in active operation in the plant. In addition, the chain annealing furnaces. 
which were located at Cleveland during the war time for serving th: 
Emergency Fleet corporation, have been moved to Sharon and are at work 
annealing commercial chain. 

The development of the particular equipment mentioned was undertaken 
by the Electric Furnace Construction Co., with the understanding that an 
apparatus should be furnished that would, in so far as possible, eliminate the 
human element throughout the entire heat treating operation. One of the 
conditions laid down was that the control instruments should be set for a 
special treatment, and that no material could get through unless it had that 
precise treatment. The limitations in temperature variation in the instance 
were not to exceed 5 degrees Fahr. above or below a designated temperature 
in the hardening and drawing operations, and no greater variation than 
20 degrees Fahr. in the temperature of the material as it came from tlie 
quenching bath. All of these conditions were met in the test of the equipment, 
and have been met daily over seven years continuous operation, with the 
exception of such periods, during industrial depression, when the plant was 
not in full operation. 


The annual business meeting of the American Iron and Steel institute 
will be held at the principal office Room 504, the Barrett building, New York 
city, May 1, at 12 o'clock noon. The principal item of business to be con 
sidered will be the election of seven directors to serve for the next three 
years, This business meeting is distinct from the general meeting of the in 
stitute which will be held as usual on the fourth Friday in May. 


The joint committee on the investigation of the effect of phosphorus and 
sulphur in steel, which is composed of representatives of a number of the 
leading technical societies including the American Society for Testing Ma 
terials, the American Society of Mechanical Engineers and the Society of 
Automotive Engineers, has issued a progress report. Copies of this report, 
which covers the activities of the committee for the past 2 years, can be 
ebtained from C, L. Warwick, its chairman, 1315 Spruce street, Philadelphia, 
or from the Bureau of Standards, City of Washington. It is expected that 
all of this material will be published ultimately by the Bureau of Standards. 


“sd Standard the World Over 


For the Determination of the Drawing, 
Stamping, Compressive and Folding 
Qualities (the ‘‘Workability’’) of Sheet 
Metals. 


Know your Metal. 
Save time and save money. 


Erichsen Testing Machine 
Company 
3618 Colerain Ave. Cincinnati, O. 








